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CHAPTER I. 



INTRODUCTION. 



To the Civil auil Mechauioal Engineers of Japan. 
Gentlemen, 

Before entering npon the subject of this treatise, it will be necessary to make so 
many explanations and statements of facts that it will be much better to address you 
directly ; I hope therefore, that you will pardon me for writing this chapter in the 
first person. 

Probably the first question which enters the mind of one who is about to road a 
technical work is " for what purpose and in whose interest is this book written.** 
The Japanese are generally, and perhaps with reason, suspicious of any proposed 
innovation by a foreigner, thinking that the proposer may have an '' axe to grind.'* 
On this account they occasionally fail to profit by the experience and advice of those 
who really have the interests of Japan at heart. But as nothing is done without a 
reason, it may be as well to explain, before going any further, why this book was 
written. 

In the first place let me assure you, gentlemen, that 1 have not an axe tu jrind ; 
because my stay in this country is for various reasons necessarily Umited to a little 
over a year longer ; indeed, it has been with difficulty that I have so arranged my 
family affairs as to be able to comply with the request of the University authorities 
to remain a year longer than my original contract stipulated ; consequently I can in 
no way be pecuniarily benefitted by your adopting the system of bridges herein pro- 
posed. My reason for preparing the treatise is simply this. 

I came some two years and a half ago to Japan, hoping not only to be at the 
head of a large department, but also to be able to occupy my spare time in attend- 
ing to practical engineering work. Instead, I have found that there is no work in 
the country for foreign engineers ; and, what is worse, that there are never more 
than a dozen students in the engineering department. Now as I am unwiUing to 
depart from Japan after a sojourn of three or four years without leaving behind mo 
some professional record of my stay, I have devoted a twelvemonth of my spare time 
to the preparation of this work, which I hope will meet with your approval. 

In suggesting that you change your present style of bridge designing to that ex- 
pounded in the following pages, it is no untried experiment that I am asking you to 
make ; for the system proposed is essentially in agreement with the best American 
practice in bridge construction. 



That the United States of America lead the world in bridge building is a fact 
midispnted even in Enrope. It is no wonder that such is the case, for owing to the 
immense extent of territory and the rapid progress in railroad building of late years, 
there have been more iron bridges bnilt there than in any other country. Then 
again the amount of capital available for railroad purposes or any other engineering 
work being much less in the United States than that which could be obtained in 
older and richer countries, and the cost of all kinds of labour being very high, it has 
been found necessary in all branches of construction to study economy. In no 
department of eng^eering is this fact more evident than in bridge building, for not 
only is it made a s[>ecialty by many companies, but what is more, when American 
bridges are put in competion with those of other countries, the American bridges are 
chosen, notwithstanding the higher prices of American labour and materials. 

In this connection let me quote a little from an article which appeared some 
eight months ago in the Xck York Times upon "Bridge Building in America.'' "If 
there is anything m which the United States can justly claim precedence over all 
other countries it is for the simphcity, mechanical construction and boldness of do- 
sign of their bridges." This remark was made to a Times' reporter, and with a good 
deal of pride, by Mr. Thomas C. Clarke, of the Union Bridge Company, and one of 
the veteran bridge-builders of the company. *' The Brooklyn bridge,*' he added, "ha s 
the largest span and is considered the largest bridge in the world. But we will soon 
be obliged to yield the palm of having the biggest bridge to another country. There 
is now building over the Firth of Forth, in Scotland, a bridge of two spans, each of 
which is as long as the Brooklyn bridge. This is the greatest bridge ever designed 
anywhere. We are up to nothing of the kind in America, and we haven't money 
enough for it.'* 

" There are probably 800 miles of iron bridges in the country now, and perhaps 
in the neighborhood of 700 miles of wooden bridges. I am speaking now of railway 
bridges. The construction of road bridges is quite a separate and distinct industry. 
It is the price of iron that regulates the cost of a bridge ; the cost of labor has very 
little to do with it." 

" To come back to bridges,** continued ^Ir. Clarke, aU, or nearly idl, the steel 
used in railway bridges is made here, very little being imported. That new bridge at 
Bondout, on the west Shore, if built ten years ago, would have been the subject of 
a book. Now it is simply a railroad bridge, and not one traveller in ten even looks at 
it as he goes over it. It is very light, yet perfectly secure. That is a great point 
where American engineers excel — ^in having hghtuess combined with perfect security. 
It is a saving to the railways, too, for bridges are paid for by the pound. Now an 
order is given for a bridge just as it is for a locomotive — ^it is mere matter of com- 
mercial manufacture. When I was in England some years ago I wanted to go and 
see the Tay bridge, but the civil engineers said : < 0, that's not much good ; it's not 
worth going to see.* I didn't see the bridge. But I know its construction was so 
palpably erroneous that a common house carpenter could have seen it^ unsafe condi- 
tion. Our American railway history shows nothing the equal of that great disaster, 
though the Ashtabula horror came near enough." 



"The bridges built in the last five or six years are perfectly safe, nnloss two trains 
sliould meet or a train run off the edge. Both of these accidents arc extremely im- 
probable. The railroad companies allow no iron bridges, improperly constructed, to 
remain. There are, to be sure — or so I have heard — a good many unsafe bridges, 
probably hundreds of them. It will take time for these to bo replaced by iron or 
steel ones. The great danger with wooden bridges is from cinders and sparks. Those 
drop on the wood, char in a httle, and weaken the structure until an unusually 
heavy train or sudden jar causes a crash. There have been hundreds of accidents 
&om this cause. So the wooden bridges must go. An iron bridge costs Uttle more. 

We've always been ahead of the world in bridge building, and wo intend to stay 
there." 

The following extract from the "Delaware Bridge Company's Album *' bears 

npon what I have already said concerning bridge designing in America being a 

Bpecialty. 

" The construction of wrought iron bridges has attained such development 

within the past 10 years as to be now recognized as a separate and import:int branch 

of coustruotivo engineering, essentially depending for its success upon the skill, ex- 

Xierience and integrity of the engineer, who has specially devoted himself to the study 

and practice of the subject. 

Good iron bridges are occasionally built by engineers in general practice, and 
iliere are still a few railroad companies which have a bridge construction depart- 
ment ; but as a rule, bridges are built to-day by men who have endeavored to acquaint 
themselves with the intricate questions involved in the application of the general 
theory of skeleton structm-es to practice, and who have found that the subject was 
capable of a sufficient development to absorb their exclusive attention. In other 
words, bridges are built to-day by bridge-builders, and to become a bridge-builder 
demands such an amount of technical knowledge, coupled with, and partly the result 
of, large experience in design, and in the manipulation of materials, as will ensure 
the erection of structures which are not only scientifically sound in principle, but at 
the same time economical and durable." 

The following from an article in the Chicago Railroad Gazette of July 1870 up- 
on " English and American Iron Bridges *' will also confirm some of my statements. 

** Some two months ago tenders were solicited for the construction of iron rail- 
way bridges of spans of 100 and 200 feet, by the Intercolonial liailway of Canada, 
connecting Quebec an I Halifax. This -call was very generally responded to, there 
being tenders put in by nineteen English, one Belgian, and sixteen American bridge- 
builders. 

The specification, which was a rigid one, called for uniformity of strength, but 
left the design open to each person. The bridges were all to be of wrought iron, 
capable of bearing H gross tons per lineal foot, in addition to their own weight, 
without straining the iron in tension to over 10,000 pounds per square inch. The 
iron of the 200 feet spans was to be capable of bearing 00,000 pounds per square 
inch before breaking, and that of the 100 feet spans 60,000 pounds por square inch. 

Much interest was felt as to the result of this competition, which was virtually 



ono betwoon English and Araorican systems of bridge building. Tlio decision was 
that the long spans wore awarded to an American firm, Messrs. CLAIIKE, RE- 
EVES & CO. , of Pha3nixvillc, Pa. , and the short spans to English bridge- builders, 
the Fairbairu Manufacturing Company, of Manchester. Of the thirty-six plana 
submitted, only three or four were rejected on account of not coming up to special 
strength. 

The bridges of Clarke, Reeves & Co. were selected for the long spans, not only 
as being undoubtedly first-class, both in material and workmanship, but also as be- 
ing the lowest responsible tender. Some curiosity has been expressed to know how 
American bridge-builders, using high-priced iron, and paying higher wages for labor 
than their English competitors, could yet build a less costly bridge. 

While it is to some extent true that the specifications allowed of a lower quality 
and less expensive iron for the 100 than for the 200 feet span, yet one of the prin- 
cipal reasons why an American firm was lowest on the long and an English firm on 
the short spans is owing to the less weight of iron required by the American system 
of bridge, and this is more apparent the longer the span. 

Some persons erroneously suppose that the more iron there is in a bridge the 
stronger it will be. But a little reflection will show that it is only the iron that is 
working, or, in other words, that is actually strained by the load, that contributes to 
the strength of the struoture. All the rest is dead weight, and merely weighs down 
the bridge. In very short spans this is not disadvantageous, as it tends to diminish 
vibration, but in long spans where the weight of the bridge much exceeds that of the 
load passing over it, every pound of iron that does not contribute to the strength of 
the bridge is a positive injury. To illustrate this more clearly : if one bridge weighs 
125 tons and another 250, and both are strained by the rolling load 10,000 pounds 
per square inch, the lighter is the stronger of the two. But if the 125 ton bridge be 
strained 10,000 pounds per square inch, while the 250 ton bridge is strained only 
5000 pounds per square inch, then tno latter has really double the strength and 
double the life of the former ; for half the iron may corrode away, and then the working 
area of the bar will be equal. It is not clearly perceiving this fact — that the streng- 
th of the bridge depends upon the working area of each part — ^that has led our EngUsh 
friends to make such heavy bridges. 

In several plans, if the strains per square inch are alike for similar loads they 
must all be of the same strength, providing the connections are equally perfect. 
Some take more iron than others to e£Fect the result, but the result is the same. 

The Ughtness of American bridges is due — 1st, to the concentration of material 
along the lines of strain, which enabled a lighter web system to be used, and hence a 
higher truss ; 2d, to this greater height of truss, which throws less leverage on the 
upper and lower chord system, and hence requires less iron in theur members ; 8d, to 
the use of eye and pin connections instead of rivets, by which there is no waste of 
metal to compensate for the deduction of rivet-holes. 

American bridges are stiffer vertically and better braced laterally than English 
bridges, their greater height giving less deflection under a load, and allowing of 
overhead bracing as well as that below the track. 



But tho less quantity of iron required to do tlie work is not the whole explanation of 
the less cost of American as compared with English bridges. A second and equally 
important reason is the less amount of manual labor required to construct and erect 
them — owing to the general use of machinery in forming all the parts. 

English bridges are made of low-price iron and require a great deal of it, and a 
great deal of hand-labor in constructing and erecting. 

American bridges have all their principal ports formed by machinery. They are 
of exact uniform dimensions, in similar spans, and hence perfectly interchangeable, 
like the parts of the locks of the American rifles, or of sewing-machines* Hence 
machine-labor can be applied to their manufacture, and the cost at the works re- 
duced to a minimum. 

But American bridges have still another advantage. They are so made that 
nearly all the work is done at tho shops, and they can be erected with the least pos- 
sible amount of labor, and that unskilled. In fact, the cost of erecting the staging 
is the principal expense ; after that a 200 feet span con be erected and made self-sus- 
taining in the space of two days, if necessary. 

But the English bridge is only about half done when the scaffolding is built and 
tlie iron placed upon it. It has then to be riveted together, which is expensive, as 
the conveniences for such work at the site of a bridge are not often great. It is slow 
and tedious, requiring from two to three weeks to put together a 200 feet span. 

Taking all these things into account, it will be seen how American bridge-build- 
ers have been able to compete with EngUsh firms on the large bridge at Buffalo, 
and in the recent case of the long span bridges of the Intercolonial Bailroad of 
Canada." 

I have dwelt at length upon the comparison of American and European bridges, 
for the reason that the Japanese railroad bridges are of the latter type. 

It will now be necessary for me to criticize the railroad bridges of this country, 
and I hope you will excuse me for so doing. I have little hesitation in expressing 
my opinion thereon, knowing that the designs are not yours, but are the work of 
some of the present and former foreign employees of the Bailway Department. 

The first grave error to which I would call your attention is that both for 
economical and prudential reasons the spans are too short, the superior limit being 
one hundred feet. For any locaUty that bridge is the most economical, for which 
the total cost of both superstructure and foundations is a minimum, provided that 
the waterway be not so lessened as to endanger the structure from washout or to 
raise the flood level of the river enough to injure the surrounding country. 

Now as the cost of foundations is always very uncertain and in most cases exce- 
eds the estimate, it is clear that long spans, especially over the deepest part of the 
riTer, are liable to ba more economical than short ones, and no one will deny that 
a span of one hundred feet is a short one. Again, for such spans the contraction of 
waterway is at least ten per cent, which, in addition to the piling up of the water by 
tho impact of the current against the piers, will cause a decided increase in the 
flood level. 

If an American engineer were sent to inspect and pass judgment upon a 
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Japanese railroad truss bridge, he would condemn it before getting within a hundred- 
yards of the structure, for all such bridges have pony trusses without any side brao 
ing. This is objectionable for two very important reasons : first there is nothing to 
resist the wind pressure upon the top chord, and to prevent its overturning the truss; 
and second, when the top chord is not held laterally at the panel points or other 
places, its true length as a column must be about equal to the total length of span, 
when considered in respect to lateral deflection under load. It is quite evident that 
no pony trusses in this country have their top chords proportioned for the number 
of diameters 4bund by dividing the length of span by the width of top chord plate. 

As the before mentioned inspector would approach the bridge he would be 
struck, in fact horrified, by the absolute lack of lateral bracing ; for one cannot im- 
agine that the rivetting of the floor beams to the lower chords by four rivets at each 
end can give any lateral strength to the bridge when subjected to wind pressure. 
There is just as mttch reason in this arrangement as there tconld be in omitting the diatjo- 
nalsfrom the ti^usses and rivetting the vertical j>osts to the outside of the top and bottom 
chords. Such an arrangement might sustain a small balanced load, but an unevenly 
distributed load would certainly destroy the structure. The Japanese truss bridges 
are therefore wholly unfitted to resist the stresses produced by a whirlwind. 

The next thing that would catch the inspector's eye would be the inclined struts 
of the Warren girder, formed by trussing, in the most inefficient manner possible, 
two very thin, wide bars. Such struts were experimented upon years ago in Ame- 
rica and were unhesitatingly condemned. It needs no experiment, though, to show 
their inefficiency ; for theory teaches that the strength of a strut increases with the 
radius of gyration of its section in respect to the neutral axis of that section ; and it 
is evident to all that a flat bar has a very small radius of gyration. 

The next parts that the inspector would notice would be the chords. In the 
upper there is a waste of material at all points except the centre ; and the box form 
of the lower would condemn it immediately in his eyes. Concerning this point let 
me give you the opinion of A. P. Boiler, Esq. G. E. , a well known American engin- 
eer of acknowledged ability, as expressed in his treatise on " Iron Highway Bridges.** 

"In continuous box-shaped chords, the pin holes miist be reinforced with thick- 
ening plates, not only to increase pin-bearing, but also to distribute the pressure de- 
livered to the chord at each panel point over as much surface as possible. Further 
it is advisable that the increased sectional area required at each panel point, in ap- 
proaching the centre, be placed in the sides of the box* as it is through the sides that 
the pin passes. It is not one of the least excellencies of the pin-connection system 
that the chords, posts and tension-members may be made to unite at the centre of 
their several sections, and by proportioning the box chord as above this may be ac- 
compUshed very fully This principle is about as &« lost sight of in rivet- 
ted work as it is possible to be. In such work the chords have no stiffening along 
the inner edges of the vertical plates or sides to which the web system is ri vetted, 
and the increase of area is made by rivetting on plates to the upper side of the top 
chord, or lower side of the bottom. The centre of section is not at the middle of the 
sides, as usually assumed, but approaches the top or bottom plates, and in large 
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spans, where the strains are great, necessitating a large area of section (placed 
mostly in the above plates ) the centre of section approaches the plates very rapidly. 

The rivet ted system has of necessity ^ so many inperfcctions 0/ design^ of workmanship 
and material, in contrast tcith the above [pin-connected] , that, to obtain anything ap- 
preaching equal strength on the same specification}, it should only be tised ivith a higher 
factor of safety. It is probable that this difference is not less than 20 per cent : so 
that when a pin bridge is called for, having a factor of five, a rivetted bridge cannot 
be considered as approaching the same stroigth unless it is proportioned with a fac- 
tor of six. The fact that a rivetted bridge is stifif or that its deflections may be small 
under a test, is no evidence of strength, which last depends upon other considera- 
tions than those applying to stiffness *' 

These remarks of Mr. Boiler's are intended for lattice bridges, in which the web 
members are rivetted to the chords, but they are most of them applicable to the 
lower chords of the Japanese bridges, whicli are made continuous from end to end of 
span by rivetting. The Japanese truss bridges, although Warren girders, are not 
what may be properly termed pin- connected bridges, for the office of the lower chord 
pins is merely to transfer the web stresses to the chords. 

The inspector would next turn liia attention to details and would notice the apo- 
logies for stay plates containing one rivet at each end and spaced about three feet 
apart-y which connect the opposite flanges on the under sides of the top chords; the 
heads on the main diagonals formed by rivetting a piece of plate on each side of the 
bar at the eye ; and the smallness of the connecting plates and the paucity of rivets 
at the joints in the chords. 

There is one thing that he would be sure not to overlook, and that is the absence 
of a guard rail or any arrangement to prevent a derailed car or locomotive from go- 
ing through the bridge. This is indeed a grave fault, for derailed cars have been 
known to go long distances before the accident has been found out : the reason that 
no Japanese bridge has as yet been destroyed in this way is probably due to the ex- 
cellent quaUty of the road bed and to tlie absence of severe frost. 

The trouble with most English bridges and consequently with those of this 
country is that they are designed by railroad engineers, who have not made a special 
study of bridge designing, and are therefore incompetent to do the work entrusted to 
ihem. 

Although I have made many inquiries I have been unable to ascertain anything 
certain concerning the designing of the Japanese bridges, in respect to either the as- 
sumed loads or the intensities of working stress, the invariable answer to my ques- 
iions being that *<the bridges are made according to designs prepared by foreigners.*' 
One engineer did tell mo that the assumed live load for all cases was one ton ( 2240 
pounds ) per lineal foot. If such be the case, the short spans are too weak. 

Thanks to the courtesy of Mr. Takanobu Eono. M. E. and Mr. Yoshimura of the 
Eoba Daigakn, I have been able to obtain the actual weights of iron in a number of 
the Japanese bridges. Of these I have chosen the following for the purpose of com- 
parison with the bridges designed for this treatise. 

A single track lattice gu'der of sixty-seven feet span on the Kobe and Osaka line 
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• 

weighs 81.5 long tousor 70,560 pounds. Another single track lattice girder of 
ninety-four feet span between Kioto and Osaka weighs 47 long tons or 105,280 
pounds. A double track truss bridge of one hundred feet span weighs 77.C long tons 
or 178,824 pounds. 

By interpolating in Table I we find the weight of iron per lineal foot for a 67' 
span to bo about 800 pounds, and that for a 94' span 852 pounds, making the total 
weights for these cases respectively 58,600 and 80,088 pounds. 

A special calculation gave the total weight of irgB for a lOO' span double track 
bridge as 175,750 pounds. 

Now as the bridges of this treatise are provided with iron stringers and guard 
rails and oak ties, while the Japanese bridges have only wooden stringers it is evi- 
dent that the former are at any rate the more economical ; and, I think, that if you 
will take the trouble to carefully read the following chapters, you will conclude that 
they are also much better designed. 

The reason why the double track bridge that I designed is proportionately so 
much heavier than the single track bridges is that the overhead bracing for reasons, 
which will appear further on, is necessarily very heavy. 

But to return to the subject of American railroad bridges ; I do not wish you to 
imagine that I consider them all perfect and in every way superior to tlie European. 
Unfortunately such is not the case, for many existing bridges in the United States 
are the work of inferior bridge companies and engineers, who have failed to pay 
proper attention to detail. Then again the bridges of twenty years ago are not 
heavy enough for the rolling loads of to-day, and moreover the science of bridge de- 
signing has made great progress in the last twenty years. But the lately erected 
bridges of the better class of American bridge companies are undoubtedly good, and 
it is with these in view that I have prepared this treatise, endeavouring in every res- 
pect not only to equal them in excellence of design but to improve upon them where- 
ever I saw the opportunity. The styles of truss adopted are those of the Pratt and 
Whipple systems, or the single and double quadrangular trusses. That these forms 
are both the best and most economical is proved by their being almost universally 
adopted by the leading bridge builders of the United States ; besides, I have shown 
in a paper entitled « Economy in Struts and Ties," by a method entirely practical, 
that vertical posts and inclined ties are more economical than any other arrange* 
ment; and these are the essential features of the Pratt and Whipple trusses. 

You will notice that double track bridges and deck bridges have not been as 
fully treated as through and pony truss bridges : deck bridges are appUcable to only 
high grade crossings, few of which will be found necessary in this country ; while the 
double track bridges will not be needed, in all probabiUty, for the next twenty years, 
by which time steel will have replaced iron in bridge construction. Nevertheless 
you will find that both these styles of structure have received sufficient attention to 
enable an engineer to design them with ease, the only difference being that he will 
have no diagrams similar to those on Plates XIV — XLJI to guide him. In reference 
to these diagrams I would state that the dead loads and wind pressures had to be 
first assumed then checked, so that they do not agree eicactly with those given in the 
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body of the work, the differences, however, are all within the Umits allowed in good 
practice. Although the principles employed in designing plate girder spans have 
been folly elucidated, no examples have been worked out or diagrams given, for the 
reason that time and space do not permit ; and there is no necessity therefor, because 
you have many examples of existing plate girder spans, which do not differ funda- 
lAentally from those which would be designed by the methods of this book. Never- 
theless yon will find that the latter will exceed the former in weight and efficiency. 

No special treatment; has been given for skew bridges, for none is needed ; the 
methods for designing them being precisely the same as those for designing other 
bridges. Whenever it is convenient to do so the panel length of a skew bridge 
should be chosen so that the shoe of one truss comes opposite the first panel point of 
the other truss, in order that the floor' beams may be at right angles to the planes 
of the trusses, both for economical reasons and to avoid using single beam hangers. 
This arrangement can often be made by shortening the panel length a little, and, if 
it be allowable, slightly changing the angle of the skew. Even if it be impracticable 
to make this arrangement, it is usually better in skew bridges to advance the ends 
of the floor beams at one side of the bridge by one or even two panel lengths, if by 
BO doing the floor beams be shortened. 

The ton used in the following chapters is the American or short ton of two 
thousand pounds : it will be found much more convenient than the long ton. 

It seems almost unnecessary to state, except for the benefit of foreign readers, 
that the gauge of track is 8' 6", that the distance between centre lines of inner rails, 
where there is a double track, is 6' 2^'\ and that the width of the head of a rail is 
2^", making the distance between centres of parallel tracks 9' 10^^''. 

In making the designs on Plates XIV — XLII American iron was employed, the 
reason being, as can be seen from the next chapter, that the European channel 
sections do not have the necessary range in weight and are with a single exception, 
limited to a depth of twelve inches. Carnegie*s sections have been exclusively used, 
because not only does his company roll more iron than any other company in the 
United States, but they are also tabulated in a more convenient form than are any 
other sections. On this account I have copied from his *' Pocket Companion," with 
the kind permission of the Company, all the tables that I think will be of any use 
to you. 

It would be well for each engineer in this country, who has anything to do 
with ironwork, to provide himself with the books of sections of all the manufactur- 
ing companies mentioned in Chapter 11. 

Concerning the cost per pound of finished bridges of the American type I have 
made many inquiries both in England and America. The American price is at 
present about H cents f. o. b. : the English manufacturers with but one exception 
refuse to quote prices without seeing working drawings. This exceptional company 
makes the price about half a cent less or 4 cents gold. The freight charges from 
Bngiand and America differ only a few cents per ton. 

Ab to where it is better to have bridges manufactured each engineer must 
judge for himself. My opinion is that for plate girder spans it would be more 
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c^ooQomicnl anrF satisfactory to import the iron and manufacture thom in this coun- 
try ; that for nil single track bridges and all ordinary double track bridges it would 
be cheaper and better to have them manufactured in America, and that for all 
double track bridges which are so heavy as to necessitate the use of built channels 
for the lop chords and batter braces it would pay to purchase them in Fngland. 

The extra liulf cent per pound may appear to some of you so great as to nullify 
the economy of purchasing bridges in America, but you will find that such for 
various reasons is not the case. 

First the want of the proper channel sections will generally necessitate tlie use 
of built ^cliannels for the top chords and batter braces, as in the present Japanese 
bridges, and sometimes even for posts. By reason of the shop work thereon such 
channels are more expensive than rolled sections ; nor are they as strong or of as 
pleasing an appearance. Secondly bridges or the American style can be built much 
better in America than in England, where not only are the workmen unused to this 
style of work, but also the manufacturers are unprovided with the necessary special 
appliances. 

Thirdly such bridges can be built much more quickly in America; and time is 
money. It was only a few weeks ago that I read in an American technical journal 
that one of the South American countries had decided to purchase all its iron 
bridges in the United States rather than in Fngland, simply on account of the 

delay. 

And finally there may not be such a difference as half a cent per pound, be- 
cause the prices of iron and labour are falling in America, and it was only one 
company in England that was willing to quote any prices at all. * 

Whenever there is a large piece of ironwork to be done in Japan, it would 
bo welly if time permit, to send to the principal English and American manufac- 
turers for prices. In this way only can it be determined to whom it will be best to 
award the contract. 

Tlie addresses of the principal manufacturers can be found among the adver- 
tisements in the London Engineering and in the New York Engineering News and 
AmeHcan Contract JurnaL It would be out of place for me to recommend to you 
in this work any particular manufacturers, though I have no objection to giving to 
any of you individually my opinion as to what shops in America do the best work. 



* Since \he M. S. of this book was sent to the printer* I have heard from the engineer 
61 one of the largest and best known bridge companies of the United States* that Ame- 
rican ]r*:>n manufactarers aro underselling the English by three or four pounds sterling 
per ton ; and that American iron is aboat to be usod in Australia. The same engineer 

writes as follows. "Our structaral iron is notoriously better than English Besides 

the lower price and better quality of metal in American work, the latter lias the advantage 
of far greater facility in erection. En.!:;lish work requires skilled labor to put together in 
the field, on account of its rivetting. Our structures can be put up in Japan by the 
natives themselves. We can ship work to Japan with erection plans, where it can be 
received and put up by the Japanese themselves. We are constantly doing this for 
South American parties." 
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You can dopond upon getting good work done by the principal ones, but may be 
disappointed if you go to some of the less important manufacturers. 

Those of you, who have read my treatise on " The Designing of Ordinary Iron 
Highway Bridges," will notice that some portions of the same are copied verbatim 
into this work : this needs no apology, for highway and railroad bridges have many 
features in common. This fact will account for the two dififerent styles of spelling, 
which you will probably notice : mine is the English method, but my book having 
been printed in the United States was there translated into American : it would take 
more time than it is worth to make all the corrections needed for uniformity. 

The references to Chapters instead of pages has been a necessity, as this book 
is not to be electrotyped. Any inconvenience resulting therefrom can be avoided 
by referring to the Index, wliicli, on this account has been made very complete. 

Before closing this chapter I wish to acknowledge with many thanks my in- 
debtedness to Theodore Cooper, Esq. C. E. for permission to use a part of his valuable 
specifications, and to my assistants Messrs. T. Fukuda and Y. Nakajima for aid in 
preparing plates and tables. Without Mr. Nakajima's skilled assistance I would 
have been unable to undertake such an amount of labour as the preparation of this 
treatise has involved. Acknowledgements of assistance from other engineers are 
made in various places in the remaining chapters. 

With many apologies for having detained you so long upon this introductory 
letter, 

I am, gentlemen, 

very respectfully yours, 

J. A. L. Waddell. 



Tokio. Jan. 1885. 



CHAPTER n. 



SECTIONS OF mm. 



The larger part of the data contained in this chapter was obtained through the 
conrtesy of Jas. Forrest, Esq, C. E, Secretary of the Institution of Civil Engineers, 
London, who very kindly complied with the author^s request to collect for him books 
of sections and tabulated dimensions of all the bridge iron used in Great Britain. 
Messrs Carnegie Bros, and Co. of Pittsburgh Pa. have been so kind as to furnish 
most of the remaining data. 

Although this collection of sections of bridge iron is not complete, yet it contains 
the dimensions of nearly all the sections used in Great Britain and America. 

Owing to want of dimensions the shapes rolled by the following British manu- 
facturers have* not been recorded; W™. Whitwell and Co, Stockton-on-Tees ; Jos. 
Whitman and Sons, Perseverance Ironworks, Leeds ; Dorman, Long and Co, Middles- 
brough ; and the Skerue Ironworks Company, Darlington ; but judging by the illustra- 
tions in Mr. Edward Hutchison's ** Girder-Making and the practice of Bridge Build- 
ing in Wrought Iron *' one may conclude that these firms roll no shapes very different 
from those here recorded. 

In America there are other manufacturers than the three here given, but these 
three roll most of the bridge iron used in that country. 

The tables of sections have been made as complete as the data at the author's 
disposal would allow, so if any manufacturer's produce has been slighted or that of 
any other received undue prominence, it is to be hoped that the author will be 
pardoned. 



Sections of Iron manufiictured by the Butterley Co. 
Silverdale, North Staffordshire. 

ANGLE IRON. 



Sire 

inlnchea. 


Thickness in 
Inches. 


Weight pot foot 


Areain Square, 
Inches. 






lbs. 




1X7 


J to ij 


ij.ii to Si." 


9.94 to 15-96 


10 X i\ 


ft .- 1 


19.0^ „ 36.S1 


5.71 » 8.05 


9 X „ 


» » » 


17.59 .. 34-74 


5.3B „ 7-43 


a X 41 


U •> 1. 


17.59 " 34-74 


S.18 „ 7.43 


6X6 


i .. I 


1917 ,. 36.67 


5.75 .. I '.00 


8 X jj 


1 ., 1 


l}.9l „ 16.87 


4.17 „ e.c6 


i\X 5* 


1 .. f 


17.50 ., 15-6= 


5-'S >. 7-69 


7 X Jl 


ft .. » 


14.67 .< 110-S7 


4-40 » *-i7 


61x 4 


\ .. 1 


16.67 « 30.57 


S-oo „ 6.17 


6 X 4 


» .- -, 


15.8J n 19.SJ 


4-78 ,. S.B6 


5 X 5 


« ,. f 


15.3J -. 3;. 11. 


4-78 ., 6.94 


7 X J 


1 ., .. 


11.0} „ 3;.J3 


J.6r „ 6.94 


6 X i\ 


., •• 


11.41 „ 11.87 


J-43 .. 6.56 


4tx 4i 


,. » ., 


ID.j8 „ ao.63 


J.3! „ 6.19 


6 X ) 


,. •• .. 


10.78 „ 10.(l1 


J. I J „ 6.19 


4iX 4t 


« .. " 


I0.16 „ 19.37 


J.05 „ 5.gi 


Six J 


u „ 


10.16 „ 19.37 


J.D5 ,. 5-8i 


5 X ji 


» » .. 


10.1* „ 19.37 


J.05 ». 5-8 1 


4*X i% 


„ " ,. 


lO.lfi „ 19.37 


J. OS ,. 5.81 


4x4 


.. .. .. 


9-5 3 „ i8.ia 


3.86 „ 5.44 


5 X J 


.. ,. „ 


9-5J .. '8.11 


3.86 „ S.+4 


4*X J 


.. » .. 


8.91 „ 16.87 


3.67 „ 5.06 


4x3* 


., ., ., 


8.91 „ 16.87 


3.67 .. 5.06 


3lx Ji 


.. .. » 


8.18 „ 15.63 


3.48 ,, 4.69 


4 X J 


., ., ., 


8.1a „ 15.63 


3.48 ,, 4.69 


4 X J 


A .. .. 


6.97 .. 15.61 


3.09 ,. 4.69 


Jix iJ 


.. .. t 


6.4s „ 11.14 


1-94 .. 3.67 


Jlx ) 


,. „ ., 


6.4s „ 11.34 


'-94 -. J-67 


4 X si 


.. .. .. 


6.45 „ 11.34 


1-94 .. 3.67 


i X J 


k .. .. 


4-79 .. 11. 30 


M4 .. 3.36 


4x3 


ft .. i 


5-9» -. 9.17 


..78 .. 3.75 


iix o.\ 


« .. „ 


5-9^ .. 9-'7 


1.78 „ 1.7s 


itx ij 


i ,. .. 


4-J7 ,. 8.JJ 


1.3 1 „ 1.50 


J X 31 


.. ., .. 


4-J7 .. 8.3 i 


i.Jl » 3.50 


Six al 


ft ., .. 


J.01 „ 7.50 


.90 .. 3-3 5 


J X 1 


,- ., ., 


;.ol „ 7.50 


.90 .. 3-35 


=tx ^i 


-. >, „ 


3.70 „ 6.67 


.81 „ 3.00 


iiX 1 


.. ,. „ 


3.70 „ 6.67 


.81 „ 3.00 


1 X 1 





3.38 „ 5.8 J 


.71 .. 1-7 5 
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CHANNEL 


IRON. 




in 
iDohea. 


Wtight » er foot 
in lbs. 


Area of Sectiou. 


ThicknesR of Web 
in Inches. 


Width of Flange. 


11 


40 to 41 


12.00 to 12.60 


« 


J» 


lO 


18 „ JO 


8.40 „ 9.00 


i 


i\ 


8 


26 „ 28 


7.80 „ 8.40 


ft 


4 


7 


^1 » 2} 


6. JO „ 6.90 


i 


3 


6 


i> », 14 


J.90 „ 4.20 


} 


>i 


6 


II ,. 12 


J.JO „ J.60 


A 


il 


5 


18 „ 19 


5.40 » 5 -70 


4 


ik 


4i 


11 •, 11 


J.JO „ J.60 


>» 


• i» 


4l 


6 ,, 6i 


r.8o „ 1.95 


A 


» 


4 


5» « 6 


I.7J « 1.80 


»t 


» 



Note! The above sections oan be Bli(;htly inoreased in the thickness of the web, bat will 
also be to the same extent widir in Miie flanges. 

Iq all probability ilie Buttcrlcy Co. rolls also tee irons and I beams. 
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Sections of Iron manuiactured by C. C. Dunkerkley, 
& Co. MancheBter. 



GlRDEItS. 










Mumbot. 


Soalion. 






Hum. 










jmMuol. 


D i^ 


iO X7 W7 




90 




18 X6J x6J 


So 


77 


















D !5 


15 XS >CS 


67 


io 




14 X6 x6 






D85 


I! X7 X7 


65 


65 


D J6 


'=1 xsJ Xii 


60 




D (7 


» Xj|x7i 


Si 


77i 


D »7 






S3 










D86 


10 jc6 x6 


^<> 


56 


D aj 








D 31 


10 X4 X4l 






D 40 


9» X4 X4i 


16 


37 


D 19 


9J X ) x i* 


J3 


111 


DO 


9t xi xil 














D 9J 


9 X4l X4i 




J3 


D 44 










8jX2t xH 




.6J 






J7 


H 


D "7 




J7 


19 










D48 


8 x.l xij 






B '1 








D 94 


7 X6 x6 


16 


IS 


D 49 








D8j 


7 XI Xi 


.H 












D87 


Hxjixji 




■Si 


D 9 


6tXjiXJi 


314 


■Si 


D 13 








D M 


fi xj xj 


,m 


'4i 


B 3 




i6i 






SiX2(X.| 








Si XI x^ 


"i 


8i 


D 10 








D 18 


5 XJ X) 


'!il 




D 7 


4» XI xa 




71 


D 16 




'll 






4 X.JX.I 


91 


''i \ 



CHANSKLS. 






w.^.. II 


Ndmlwr. 






Mpnm.- 






urt.wt. 


pertMil. 












..f x) X} 


ja 






icJXjiXi 


17 


3i 








= 5^ 


D S7 


9* xji XJ 


37t 


311 


D6i 


9! Xii XJ 


J' 




D 6" 




io 




D61 


8 x;ixi 






D6' 




17 


IJ 


DfiS 


61X1 x> 


■9 


14 


D64 


6ixi x: 






D 95 










Sjx. X5 


m 


lol 


DS* 


4IX.JX. 


ni 




D S6 


4t X.J XJ 


■ it 


9 




4 XI X5 




91 


EolU tumixi for Bfi 


w SiotionB. II 


GIRL 


KnSKEPTIN STOCK. | 


Irt«K(hi»pl« 


40f»et 


1 




Sectto-JDimB 


.M„,. 


*Ppro,|. 1 




Wrb. 


To,, 


t1.Bg^. 


*rJ 








Inctos. 




D JO 




















D 8' 


14 






S6 


D 17 










D '5 








4S 
















4t 






D 19 


9* 


<4 


1* 


3S 


D n 








JO 


D 15 
















1» 




D 6 


7 






'4 


D la 








39 










16 


D 3 


6 




■>i 




D 3D 


5 




4) 


aj 












IJ 7 


4) 




■ J 


B 












D 4 


■* 




_li 7_J\ 



The author is ooable to state vliellior Messrs Dunkerkley & Go. roll tee and 
angle irons or whether they make a specialty of channelu and I beams. 
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Sections of iron sold by Measures, Bros, & Co., 

Southwark St. London. 



CHANNELS. 



MINItfTTM. 


HAXmXJK. 


Seotinnii. 


Thioke.of 
Web. 


Wt. per ft. 


Seotions. 


Tbioka. of 
Web. 


Wt. per ft. 


llfX J* 

9i'x jft' 
9*'x J A* 
7V X Ji* 
5«'X a|' 
4A'X aA' 


1' 

A' 

i' 

1' 

A' 

A' 


55* 

I9i" 
ioi« 

9*' 


"i'x Ji* 
91* X iH' 
9*' X 5l' 
8* X ii' 
5*'X a4' 

4i'x 3H 


1' 

4' 
4' 
«' 
H' 
M' 


v4» 

'4' 
iif 



GIRDERS. 




















Depth. 


Width. 


Wt. per ft. 


Remarks. 


Depth. 


Width. 


Wt. per ft. 


Bemarks. 


i6' 


6' 


62^ 


In stock. 


7* 


3»' 


ao» 


In stock. 


14' 


6' 


6o» 


»• w 


6' 


5' 


19* 


»• *• 


11' 


6' 


56- 


» M 


6i' 


JJ' 


i6« 


M t» 


la* 


5' 


4»" 


*» W 


5' 


4i' 


^5* 


>f >t 


lO* 


5- 


36- 


»* *» 


4i' 


5' 


13* 


>• i* 


10* 


4*- 


3^' 


** W 


4' 


5' 


!!• 


»ff M 


9i' 


4*' 


29- 


»» M 


7' 


ai' 


14- 


RoondedFUnget 


9*' 


5»' 


^4- 


»» M 


6i' 


a' 


!!• 


M »> 


8' 


5' 


a9» 


»» ** 


4*' 


If 


8« 


M »> 


8' 


4' 


«• 


*» >» 


4' 


If 


7* 


*t *» 



Measures, Bros. & Co. roll also a number of angle and iee irons, the weights 
ftnd dimensions of which are not given in their book of sections. 
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Wednesbury 


Oak Ironworks, Tiptoe, Staffordshire. 




FLATS. 


i^ inch wide, X i' to li inch thick 


4^ inch wide^ X i to i inch thick 


l| » X » 


M M 


4l 99 X a» » j» 


If w X* 


99 M 


4* » X ,, « M 


If >, X „ 


i^ >. 


5 ** X j» w 99 


It >» X ^ 


»* M 


Sk » X jf «, »» 


a „ X* 


i| » 


M X w W 99 


ai « X * 


I 


6^ „ X f I* „ 


2* ^ X „ 


3 » 


6i M X i if 1. 


a* „ X „ 


i » 


7 9f X », I M 


«l *, X „ 


*j „ 


7t »» X „ If „ 


a* •. X „ 


>i ~ 


8 f« X M a *i 


2* „ X « 


aj .. 


8i M X «, a| „ 


5 *» X ,» 


»» »> 




3i », X „ 


2* „ 




5* *, X M 


2 >l 




5* ., X „ 


#* »# 




4 w X «, 


i» M 






ROU 


NDS. 



f* fl# i* H* I* iAr» I*, lA* if» i|. ih If. if, ih 1, 24, aj, 2|, aj, a|, af, 
2t, 3, 3i, and 5f inch. 



SQUARES 



f* Jl* i, H, i> lA, rj, ItSt, If, i|, li, ij. if, I*, 2, aj, a^, a|, ai, «!, af, 
2i« and 3 inch. 



ANGLE IRON. 



a X I to i in. a( X A to i in. af A $ x f to | in. 3i X | to f in. 
and 4 X i to f 



SECTIONS OP lEON AND STEEL, Mamifoctured by 

TH8 PATENT SHAFT AND AXLETREB CO., LIMITED, ^VE^NESB^;RY, 

BEUN3WICK. OLD PAKE, ft MONWAY IRON & STEEL WORKS. 



EQUAL ANGLES. 


TEE 


IKON. 


GIRDER IRON. 


1 XI xAtoA 


J x.j 


X «s 


4* X 4 X ^t X 


ijx lix i— 1 


J xit 




7 X 4l X 4 X 


%in:-\ 


i X li 


X * 
X ^ 


7 X6 X6 X 
7l X 4( X 4t X 


i»;im?='. 


\iU 


X A 
X A 


iVs'vr. 


i\ X Ji X 1 -., 


i X4 




S*xj xj X 


J»X j»x„-l 


J xs 


X A 




j.;:.;i=i 


J X54 

i X6 


x|t| 


9ix )«xiHx 

9*x j+i X it3xi 


5 X 5 X „ — „ 


3 X6 


XI Ai 


sci X6i Xii X II 


6 X 6 X .. -* 


iix^i 


x|*l 




HX61x«-. 


iiXj 


xft.l.Sl 


CHANNEL IRON. 


Sixsix h-l 


Six (4 


X SI 






i*X4i 




4 X '.} X 1 


DNEQUAL ANGLES. 




X &| 


4 X i| X I X| 




4 Xifl 


X 


4t X ^ X 1 


rtx. xA_s 


4 X.i 


X SI 


S Xi X 1 


.ix.t X (-1 


4lx» 




6 X5 Xl 


■ IX. x..-„ 


4*xa 




« xj x4 


•ix.l XA-) 


4 X J 


X SI 


6 X4 xU 


J';; ;„'=? 


4 Xji 


X SI 


7 xtt Xi 


4 X* 


X Si 


7 X }1 X J 




4 x6 




7 X4 X lA 




4iXil 


X SI 


7* x'i xA 


lix. xf-j 


5 XI* 


X .A.*| 


H Xi xf 


iixa x„ -1 


5 XJ 


X .ft.l.AI 


S X jl xl 


il X 1 X . - „ 


S xjl 


X 41 


S Xil xij^ 


4 X. xi 
4 x>l XI - 


5 x* 
S x6 


xiorl 


8* X.4 XI* 

9 X i x| 




S X 5 


X SI 


9 xU Xt 


3 X li X ; _ 


S X4i 


X S,| 


9 X4 x| 


41 X.) xA- 


Six J 


X orU 


9 X 4t X U 


Hxi >n -t 


6 X i 




9 X4i X 


4lX Ji x„ — J 


6 X } 


X ,J.S1 


9* xji xH 


S X J X.. -1 


6 Xii 


x»x( 


9i X tl X 


S XJJ x„ -J 


6 Xi* 




.o x(t X xA 


S X4 X -1 


6 X 5l 


X x| 


loi Xi* X ixH 


Stxi( xi 




X x| 


11 X J X ; X 1 


6 X.) X !-| 


6X4 


X .|.*| 




6 X, X -i 


6|X!t 






s X u X , -„ 


3;f 


X Xl| 




StXit X 


i-A 


X .Axi 




61 X. X 

7iX4 X 




Txli 


x,x,. 


A to ft thiotaiT. 


! Xi X 


-1 


t|x)l 


xlxl 




! X!l XI 
8 X4 X 


V^i 


5 xj 


xJxA 


HOUNDS, 


• X4l X 


-t 






i to ei-in. diMD. 


9X4 X 


— 4 








9lxi| X 


li-» 








.Ix,! X 


-i 


BUBS BBm thob. 


SqUAEES, 












"nt I 


-ft 


*- 


1-* 


i to s-in. 


6 X4l X 


-* 




B 


FLATS, 


J xa| X 






vl 






^^___ 






i to 13 t-in. vrido. 
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Sections & Sizes of Rolled Iron Manufactured by the Shelton 
Bar Iron. Company, Stoke on Trent, StafFordahire and 

122, Cannon S* London E.C. 

CHANNELS. 





Width of flange 


Thickness of Web 


Weight per foot 


D«pth in Inohes. 


in inches. 


ill inches. 


in lb«. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


4 


1 


2* 


* 


i 


6.75 


10.08 


4 


1 


»4 


i 


« 


11.50 


14.00 


5 


li 


1» 


i 


« 


9.10 


15.15 


5 


»A 


H 


A 


i 


10.50 


IJ.48 


5 


»» 


} 


1 


i 


la.co 


18.00 


6 


»ft 


a} 


A 


» 


12.75 


18.00 


7 


»« 


5* 


A 


i 


14.00 


18.00 


7i 


>ft 


aft 


A 


A 


14.00 


18.00 


7* 


»« 


a« 


A 


A 


16.00 


14.00 


7* 


}» 


3A 


i 


A 


18.00 


1J.OO 


8i 


»ft 


ag 


A 


i 


14.50 


10.75 


8» 


art 


}ft 


A 


A 


17.00 


11.00 


9* 


»i 


3i 


1 


i 


ao.oo 


16.50 


9i 


J* 


3Jr 


i 


ft 


ai.50 


16.00 


9i 


}i 


3U 


« 


ft 


ai.oo 


JO.OC 


lO 


}& 


3i 


A 


i 


14.00 


18.CO 


11 


3* 


3t» 


ft 


« 


37.50 

* 


47.00 
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ANGLES- 



Sise. 

• 


Thickness 
in inches. 


Weight per 
foot in lbs. 


Size. 


Thickness 
in inches. 


Weight per 
foot in lbs. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max, 


Min. 


Max, 


# # 





# 






# # 


# 









a X 1 


A 


^ 


a.38 


5.ao 


4ix 3* 


i 




9-53 


18.13 


Hx If 


* 


i 


3-»3 


5.83 


4iX 4* 


i 




10.78 


a3.7o 


Hx ai 


A 


« 


a. 70 


7.38 


5 X 3 


1 




9-53 


ao.78 


^IX I* 






a.9a 


5.4a 


5 X 3* 


\ 




10.16 


19.38 


ajx a • 






a,70 


5.1^ 


5 X 4 


\ 




16.78 


ao.63 


ijx ai 






3.96 


9.11 


5 X 4i 


\ 




1141 


ai.88 


af X a* 






4.38 


10.16 


5 X 5 


\ 


I 


15.83 


30.00 


} X 1 






3.96 


7.50 


Six 3l 


it 




ia.49 


ao.63 


3 X aj 






4.38 


11.88 


6 X ai 


A 




8.53 


aa.a4 


3 X } 






4.77 


13.13 


6x3 


i 




10.78 


ao.63 


5 X 3 






7.03 


13.13 


6 X 3* 


» 


I 


11.41 


28.33 


3 X 3 




I 


9.17 


i9.ao 


6 X 4 


i 


I 


ia.03 


36.00 


3ix 3* 






5.ar 


14.38 


6 X 5 


i 


I 


17-50 


35.33 


JJX If 






6.a5 


9.90 


6x6 


\ 


I 


19.17 


36.67 


3*X 2i 




M 


4-79 


ia.17 


7 X 3 


h 




13.95 


a6.6i 


34x J 


A 




6.45 


14.38 


7 X 3i 


h 




14.67 


a8.07 


3JX 3* 






5.63 


17*86 


8 X 3 


i 




I3.a8 


a9.53 


4 X a 




<y 


4.79 


13.13 


8 X 3* 


h 




16.13 


30.99 


4 X a* 


A 




6.45 


10.00 


8 X 4 


h 




16.86 


5^.45 


4 X 3 






5.63 


15.63 


8 X 4* 


h 


I 


ao.oo 


38.33 


4 X 3J 




I 


8.91 


a 1.67 


9 X 3* 


h 




17.59 


33.91 


4X4 


ft 




6.46 


ao.78 


lox 3* 


\ 




ai.67 


36.8a 


44x 5 






8.91 16.88 













«2 — 





JOISTS 


• 

17 


■ 


# 


C 


JU 




. ^ 


Ibf. per 


foot. 


% X 3 


X 


f 


and np 


lo) to 


14 


$J X 1 


X 


« 


M 


9 " 


15 


< X 5 


X 


1 


»* 


15 *. 


'9 


H X 3* 


X 


1 


., ' 


174 » 


ao 


» X J 


X 


A 


to ft 


from 


I7l 


^ X } 


X 


ft 


M A 


>» 


ao} 


9i X 31 


X 


1 


and up 


12} to 


a8 


* X 3A 


X 


1 


»• 


^i «. 


^5 


fi X 31 


X 


A 


i» 


33i «* 


a8 


f X 5 


X 


ft 


M 


34 *. 


40 


19 X 5 


X 


» 


»* 


38 M 


48 


10 X 6 


X 


i 


M 


48 *, 


5^ 


i<* X 4l 


X 


i 


M 


34 « 


40 


la X 5 


X 


} 


P» 


4« « 


56 





PLATES. 


Maximmn Length 40' 0'' 1 


9f 


Width 6 t 


m 


Thioknesa •• .. f} 




FLATS. 


|to5 


inches wide ; also S\, $|, 


54. 


5f, 6, 6i, 6i. 7. 


Ih 


74. 8, 8i, 8i. 9. 


9i. 


94» 10. ioJ» io|. 11, 


1 1 J, 


I a, 11}, 13, and 14, 




inches wide. 




ROUNDS. 


From 


// // It 
^ to 1 rising by A 


w 


4 *» 4 ji »» A 


J# 


4 m ^4 w «» 4 




and 7 inches. 




SQUARES. 




# # <r 


From 


4 to 1 rising by ^ 


M 


4 »* 4 " M A 


«» 


4 *» 6 w » 4 




and 6i inches. 



Sections of Irou rolled at the Earl of Dtidley^s Bound Oak Iron Works. 

PIjATS. 

^\ 24^* ^ir> ^l\ «4^ af', ap, iV. I*. 34^, 34^ 3l^ 34^ 3l^ 4^ 41^, 44% 5% 54% 6% 

6J^* 64*, r» 74% 7P* 8^ 9^, !(>•', n^ and la^ wide. 

BOUNDS. 

Up to 64^ diameter. 

SQUAEBS. 

Up to s\r sqoare. 

PLATES. 

5' wide from p to i4* thick. 
4' a^ wide A^ and p thiok. 
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tE E8. 




— 24 — 

ANGLES. 



LEGS. 


THIOKKESSEB. 


7 " X 3 " 


*- f> i- 


6 " X 6 " 


J- WiJ- 


(- X j- 


t- M »■ 


5 - X S " 


ft- to ■>- 


5 " X 4 " 


1- lo J- 


s ■ X jl- 


^^ to »- 


5 • X JJ- 


1- Ki !• 


S " X 1 ■ 


(-!»»• 


4C X «i- 


t- to t- 


<!• X i»- 


f B >- 


fl- X J - 


* " to S* 


4 " X 4 " 


»- to «- 


4 '■ X J '■ 


1- to 1- 


4 " X ai" 


f to J- 


4- X ,i- 


*- to 1- 


11- X ii- 


»• to !- 


jr X J " 


i - to ) - 


il- X .i- 


4- to i- 


rt- X If 


1- to 1- 


>i- X .(■ 


A- to A- 


!i- X al- 


A- to A- 


J " X ! ' 


* " to I " 


1- X ar 


i- to r 


J " X a " 


i- to r 


ai" X at- 


* - to 4- 


iV' X Jl- 


j- to 1- 


a - X 1 - 


J * to i" 



^25-^ 






B E A MS. 



Depth. 


Width of Flanges. 


Thickness of Weh. 


12* 


6' to 6J*' 


iiV to lA*" 


IC^' 


5»' .. 6* 


1' ,> I**" 


9i' 


5l* « 5*' 


\" » *' 


r 


S* n SV 


«r' »» xb' , 


7i' 


5i* « 58' 


*' .. 1' 


5' 


4^' » 4^" 


I* » »' 


4' 


r „ 5^ 


i' « »' 



Sections of Iron rolled by tlie Societe Cockerill at Seraing, Belgium, 



ANGLES. 



Legs. 


Tliickuess. 


•^ Weight 
per ft. 


• 

Legs. 


Thickness. 


Weight 
per ft. 


5l' X Si-r 


k' 


- . 22.85» 


53' X 2j* 


A' 


6.87* 


5f' X 41" 


\' 


^ 17. 5* 


54* X 3i* 


i* ^ 


6. 7* ■ 


5f" X }i' 


8' 


15. 5* 


54' X 2i*' 


A" 


5.74- ; 


5»' X jA* 


«' 


aa.8S* 


5' X ai*' 


8" 


7.4* 


54* X 5i* 


»♦ 


I5.I5* 


iH' X 2«' 


\" 


6.07* 


. 51" X 51" 


.. i- 


12. 8* 


ai3^ X 2f- 


■ '*" . 


6. 7* 


4H'x j4' 


8' 


10. !• 


2H' X If 


^" 


5.88* 


4l* X 4f ' 


i' 


H. 5* 


2f*' X 2j* 


i" 


5.07* 


4A'X 4A* 


8' 


II. !• 


2 J* X 2|* 


r 


5.07* 


4' X J' 


<i' 


8.07 • 


a»' X 2*'' 


. i" 


4.?8- 


^ii'x j4' 


4' 


I0.77* 


^t' X iH' 


i" 


5-77' 


51* X $i* 


3' 


10. 1* 


2*' X iJ^* 


^" 


6.-7* 1 


3l* X 5i»d" 


8' 


9.45' 


^A' X 24- 


i" 


4.72* 


^I'd'x 54* 


.'«' 


8.07* 


2i' X I 3' 


r' 


5.}7' 


5A*x 5*' 


A' 


7. 4* 


24^ X il* 


i" 


3-:4' 1 


5i' X 53- 


*' 


7. 4' 









N,B, — The minimaoi thicknesses are given : they can be increased by neaVly fifty per cent. 
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I BEAMS. 



Depth. 


Width. 


Tbiokucss. 


Weight per foot. 


lii * 


<i' 


«' 


60.7 • 


n » 


5«* 


1' 


57.1 • 


ii«' 


4K' 


A' 


39.8 • 


9»' 


4*' 


*' 


J0.15' 


9f ' 


51' 


A' 


ao.i5» 


9J' 


?♦• 


J' 


ij.a • 


9*' 


}*' 


8' 


ai.i5* 


«»' 


»»' 


A* 


i6.8j' 


7l' 


4«* 


t' 


26.9 • 


7l' 


}!' 


t' 


ao.85» 


7*' 


1*' 


A' 


'5.47' 


7i' 


Jl' 


t' 


iai5» 


71* 


}»' 


A* 


«7.5 • 


7 A' 


»!' 


*' 


IJ.4 • 


6*' 


5*' 


• A' 


»547' 


«*• 


*l' ■ 


*' 


10.7 • 


5*' 


«f ♦ 


i* 


1M)« 


$*♦ 


1 ♦ 


i' 


8.7 • 


5 ' 


4H' 


I* 


il.4}» 


4M' 


a * 


*• 


8/) • 



N. B« The widths and thicknesses are given at their minima, and can be 
increased by a quarter of an inch or less. 
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TEES 



Head. 


Stem. 


Tliiokuess. 


Weight per foot. 


7i" 


4A" 


A" 


«4-9 * 


«!• 


4» " 


A" 


ao.8 • 


«} " 


5»" 


A" 


'7-5 • 


«A" 


4*"' 


»" 


1J.5 • 


6 • 


4* " 


A" 


i8.8 • 


iit" 


}H" 


A" 


16.5 • 


5«" 


}i" 


A" 


14.0 • 


5i " 


} " 


*" 


10.1 • 


5 A" 


«4" 


4" 


11.1 • 


5J" 


aW" 


*" 


ii.i • 


4»: 


«4" 


*• . 


«4.5 • 


4«" 


«A" 


*" 


8.07* 


4*" 


ii" 


»• 


17.8}" 


4** 


i-h" 


4" 


I5.8i» 


4A" 


««" 


A* 


10.4 • 


?«• 


?»• 


A" 


I0.77* 


J4" 


jj « 


t* 


7.74' 


JA* 


•1" 


A' 


5-7J' 



N. B. The dimensionB of the tooB are invariable* 
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CHANNELS. 



Depth. 


Width of Flanges. 


Thickness of Web. 


Weiglit pi* foot. 


1 1 18" 


\tt" 


** 




icj- " 


jA" 


f" 


ai»i» 


91" 


5i" 


• A" 


26.0* 


' 9l " 


}A" 


♦' 


«3.5* 


91" 


Jf" 


A" 


■ « - 


a" 


.54" 


♦" 


ai.5* 


- 7i " 


.j+3" 


A" 


26.4« 


■ 7i " 


jA" 


ft" 


• 


^ 6J " 


- ,t " 


A" 


:i5.i' 


5tt" 


lA" 


A" 

I* • 


Jo.8» 


4l" 

t 


«A" 


. i" 


..U'* 


4i " 


..14" 


. A" 


€.9» 



N. £• The widths and ihicknessos are given at their minima, and can;be 
inoreaeed by a quarter of* an inch or less. 



Sections of Iron Rolled by De Leeuw and PhUlipsen, 
Antwerp, Belgium. 

i BEAMS." 



Deplll. 


wiatii. 


ThiokH. 


Wt. per ft; 


Dopth. 


-Width." 


Thlak*. 


Wt. pof-ft.. 


1.1- 


Jl' 


,., 


li..S'+ 


91" 


H-toiB" 


A- to r 


19- toi7.5"i 


.,i- 


7" 


a 


9l.5'+ 


1" 


4" to4S' 


1 ' to »- 


ij'to39.s", 


■ ,i- 


6J- 


11- 


!!• + 


H' 


61" to 6H' 


s ■ to «- 


59'i(>4i' ; 


16!" 


11,' 


ti" 


70"+ 


!]- 


!l" to 4" 


f to J' 


ii'S" If 29'Sr 


16" 


6" 106(1 •■ 


a -to ]" 


57" to 67" 


8" 


6" to 61" 


1-to |- 


n't^i?' 1 


■ s!" 


^-to6A" 


l-lo I- 


57Mo«,- 


8- 


S" to si- 


)to 1- 


77.S- U. J7.5^ 


■li- 


il" lo sH- 


4 "to 1- 


57- to 68.5' 


-71" 


s' tosl- 


r.toj- 


j6* U J4.S" 


15". 


51" 1„ 51" 


rioji- 


61- to 6,- 




1" 10 4A' 


[•i. 1- 


,8.i«to,j-5- 


■ 5" 


5" to S3" 


l"to 1" 


50.S" to 67' 


8- 


f "4^' 


r to H • 


...S'toH'S" 




S" to 6J" 


il"lo«" 


57* to 67" 


71- 


4- t0 4i" 


rio 1- 


30.3* to j;" 


14" 


5" to 6i" 


J-toH" 


5j.S'to64« 


7l" 


j|-to,i|- 


A- 10 r 


.S.8»to.3« 


14" 


5l-1.5i" 


l"toH" 


5j.8'to65.8- 


7i" 


4" t.4j- 


l-.lo j- 


io.3» toi?'. 


,,!• 


SI- to 511- 


«■■ to H" 


S5.8"ta6i' 


7" 


J(- to 4- 


A- to A- 


.8.j»,to=4.j» 


IT 


li"lo6A- 


H-lo 1- 


6o,5* to6j.8" 


7- 


51" to 51- 


A-toJ- 


17.{' toij.5- 


l.J" 


srtosH- 


1- to ti- 


5S.5'toS9.8' 


61" 


4- toil- 


A" to r 


19.5' to 14.3" 


111" 


Si-loift- 


ll- to 1" 


50.8' to 6j' 


61" 


51 to 5l- 


A" to A- 


.4.S' to 17.8- 


1J|" 


5*-tosA- 


A'toJ- 


US- to 48.5- 


61" 


5l- to ti- 


*'to 1- 


i6-t0 3i- 


11" 


7i"lo,l" 


J-to ]" 




6J" 


ll" to Si- 


A" to r 


13.5^ to 14.3' 


11" 


i"to6a" 


l"to J" 


Sfto67- 


6" 


s' tosj" 


i'to (- 


35.3' to il" 


11" 


&-to6A" 


1-10 «" 


47' to 55' 


6" 


5- to Si- 


A" to A" 


14.J' to 19' 


11" 


s-iosr 


A-lo«" 


40.S' to 57' 


6" 


ll- to 5«- 


A" to a- 


n.j» tois-J' 


n" 


S"tos|- 


A- to H" 


56.)' to 49.8' 


sH" 


5l-t0 5H' 


«• to 1" 


H.j-to I7.3» 


10" 


S"to6A" 


!"to«" 


S4-S' to 57' 


si- 


5A-.. 5S- 


A- to 1- 


ii.j» 1034.5' 


lO" 


!■ to Si- 


A-toH" 


54' to 47' 


51- 


1- tosA' 


i" t.o A ' 


ij.j" to 16. J> 


!£/< 


ll" to 4H- 


A" to 1" 


;o.j'to45' 


51" 


,1-to; 


i-lo 1- 


13.J* to ifi.j' 


10" 


1- 10 4ft- 


H-tojl- 


78.5' to 59' 


Si" 


Si- 10,1" 


A" to A- 


i3.s'toia.j« 


to" 


i-iolA- 


A"to 1" 


7J.5' to 77.S' 


S" 


4l- lo-4l- 


i-lo 1- 


3(.5' to 17» 


9i" 


ll"t0 4»' 


A" to B" 


!4.}' to 39.5' 


5" 


1- t0 5i- 


S- to A- 


M.EVtois.sV 


11' 


il-ioiB- 


1-1. g" 


77' to S9' 


5" 


sfi-tosr 


l-loH- 


17.S" to ai* 


91- 


ii"to4A- 


1" to li- 


7}'tO JJ.S' 


4!" 


51-10 5A' 


A" to r 


ii.j- toi6.i» 


9A- 


iA-to!H' 


lt" 10 »- 


...1' to ,8.1' 


4l" 


5- toU- 


A" to H" 


io.8«to i6.s« 


«i" 


!|- to 4A- 


ftoH" 


7j'to J5.S' 


4l" 


.l-losA- 


r 10 H' 


9.8' toij-s' 


!l" 


!i-t0 4" 


l"lo H" 


,|-to„.5' 


4" 


5- tojA- 


1- to /,■■ 


u.5"toij.S« 


9i- 


!A"t0 4- 


|-to|i- 


71. 5" to n,5' 


'" 


.(- to ,1" 


,-.. 1- 


8* lo iij« 



M. B. Beams obh be rolled to any tluokneesea tmd weigbts betwoei) the miui- 
mom mid maximnm sizes. - > 
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CHANNELS. 



Depth. 


Width. 


Thicknesii. 

1 


• 

Wt, per ft. 


Depth. 


Widtb. 


Thioknese. 


Wt, per ft. 


14'' 


4" 


8- ' 


4«' 


5f* 


Ji- 


*" 


i8.j* 


la** 


}«• 


i- 


J'-5' 


51" 


'A" 


t- 


n.8» 


li** 


J* 


*• 


>}.5' 


5»' 


,j» 


A- 


I0.8" 


lot" 


Ji* 


*" 


U.J* 


5i* 


sj- 


*- 


la.S* 


lo* 


»H" 


f 


'9-5* 


Si- 


»" 


i" 


ia» 


9t^ 


jA" 


ft" 


««.}• 


Si" 


a" 


*- 


8» 


^i" 


}*• 


1- 


11* 


5ft- 


aft* 


ft- 


14.8* 


8*- 


»*• 


r 


i8.8» 


S»" 


H" 


*- 


11.5" 


8|» 


}ft- 


A* 


a8.5« 


Si- 


If 


*• 


7.8" 


H" 


}H" 


f 


aj* 


s' 


«4- 


1- 


i8.}» 


S" 


■j*- 


f 


11.5' 


4»- 


a|" 


A- 


ia.$« 


8^ 


1* 


A'* 


n» 


4*- 


i" 


ft- 


«$• 


7*" 


J*» 


ft- 


«.}• 


4»" 


«r 


** 


9.8* 


li" 


}*• 


♦" 


i8.8» 


4l* 


«a- 


1" 


la.j* 


li" 


}A* 


i* 


a7.j' 


4t* 


»r 


*- 


ii.j' 


7*-' 


»!' 


*• 


I1.8* 


44- 


af 


ft- 


14' 


7" 


»!• 


♦• 


i6.j» 


4t* 


a* 


*- 


7' 


H" 


»** 


ft" 


IJ.8* 


4*- 


at- 


*• 


1 1.5* 


6A* 


«i* 


A" 


H.J* 


4*" 


a" 


f 


io.8» 


6A-' 


«♦- 


A- 


«,}• 


4i" 


>4- 


A* 


10" 


6A* 


9|» 


1" 


I4.J' 


44- 


af 


*- 


9}* 


6*' 


J* 


*- 


'4-}* 


4i" 


i■^' 


J- 


7.5' 


6* 


»*• 


** 


IS* 


4- 


>i" 


A- 


10.5* 


6" 


a** 


*- 


10.5 • 


4- 


,» 


*- 


SS" 


6* 


•I" 


*" 


ii» 


4- 


u- 


A- 


9.5* 


sr 


«f 


ft* 


15.8* 


4- 


«4" 


A- 


7.S* 



^•B*— Owing to a mistake of the binder's eight channel sections of depths 
from 0}'' to Qi" were omitted from the catalogue from which this table was pre- 
pared* The thicknesses of the webs and the weights can be increased. 
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ANGLES. 



Legfs. 


Thickness. 


WeiRht 
per foot. 


Legs. 


Thickness. 


Weight 
per foot. 


10" X3i* 


1" 


a«.5» 


4i" xi" 


ir 


9* 


8*" X4A* 


H" 


20* 


4i" xa4" 


A" 


6.9* 


8" X5i* 


«" 


a8.s* 


44" xaj" 


A' 


6.4- 


8" X4'' 


8" 


aj.j» 


4" X4" 


11" 


IO« 


7i* X3H" 


1" 


ao.j* 


4" X}4" 


11" 


9-5* 


7*'* XSJ" 


4" 


i8.j« 


4" X54" 


A* 


8» 


6H-'X5A" 


4" 


19- 


4" XJJ" 


4"*A'' 


I0.8* 


6A*X54" 


i" 


ai» 


4" xj" 


44* 


8' 


6A"X4A" 


4" 


I9« 


4" X aj" 


A" 


6.9« 


6i- X6i* 


*" 


1 9.5* 


4" X ai" 


44" 


8« 


6* x6" 


4" 


ao.8» 


}|" xaj" 


A" 


6« 


6" X4i-' 


«" 


i8.}1 


ii" xa|'' 


A* 


6* 


6* X4'' 


4" 


I7.J' 


54" X}4" 


H" 


17.3* 


6" X J*-* 


M' 


«4.J' 


34" xji" 


44* 


8.3* 


6* X3I'* 


4" 


I5-J* 


$4" XJ" 


4i" 


7.5* 


5*" X5l" 


«" 


i8.8' 


}4" xa*« 


H* 


7.5* 


5i" X4'' 


H" 


aa.8» 


}4" xa4'' 


A" 


6* 


5i" X4" 


H" 


I4-J* 


J4'' xa4» 


«" 


5.«' 


5** X3i" 


A" 


la" 


34" xa" 


*• 


4.5' 


5 J" XSi'* 


4" 


i6.8* 


Jl" XJ|« 


44" 


7.S' 


SJ" X4'' 


1" 


i8.}» 


Jl» xaf 


44" 


7" 


5i" X31'' 


M" 


11" 


jl" xa4" 


H" 


6.9* 


54^ X3A" 


4' 


ia,5" 


34" X34*' 


A" 


6V 


5i" X3" 


44" • 


9» 


34* xai* 


A" 


5.4* 


5'' XS" 


A* 


14* 


34" xa" 


A" * 4" 


6» 


4»''X4H" 


4" 


15.5' 


JA"X3A* 


A" 


6.3« 


4ii"X3r 


H" 


ia.8» 


3* X3* 


A" 


6* 


4tt''X34" 


44" 


9-5 • 


3" X aJ* 


44" 


6.7' 


4*'' X4f" 


M* 


I4.5* 


i" Xa4* 


M' 


7» 


4»* X4'' 


44" 


I4-5" 


J" X a" 


A" 


5.a» 


4»" X3r 


M" 


ia.8* 


af* xal" 


*" 


4.9» 


4»^ X34^ 


A" 


8* 


a*" xaj" 


*" 


5" 


44" X44" 


A" 


ia.8» 


af* xa|' 


I" 


J.9' 


44" X5" 


H" 


9}" 


af" xa" 


i" 


3.5' 


4l" X4l" 


II" 


II* 


«4"xa4'' 


A" 


4-6* 


4l" X34" 


1" 


lOJ* 


a4' xal' 


1" 


6.4* 


4l'' xir 


A" 


7* 


»4" xaA* 


II' * A" 


$.5" 


4l" Xii" 


»l" 


8.8» 


a4'' Xa« 


4- 


J* 


4l" Xa" 


*" 


5.8' 


af» xa|" 


l" 


3-7 • 


44" X44" 


II" 


I0.5* 


a J" xaJ" 


i" 


J-4* 


44" X34" 


II" 


lO.J* 


aA"xaA" 


A" 


a.7* 


4*" X34" 


«" 


1I.8* 


a* xa* 


A" 


a.5« 



S3 



TEBflj / 



8 

• 


Head. 

• 


Biem.' 


Wt per ft. 


Head. 


Stem. 


Wt.perft. 




8i" X «* 
8A" X S" 


41* 

4ft" 


X M" 

X H' 


29.5* 
as* 


S" X If" 

S" X ft" 


3H"x 
3t" X 


% 


35* 
15.5* 




8r X ir 


5l" 


X «' 


l2,l^ 


5" X ft" 


aft"x 




10.8 • 




8 A" X «" 


JH" 


X « ' 


a8» 


5" X A" 


al" X 


• 


8» 




7f' X i" 


4A' 


X * ' 


ai» 


4f X ft" 
4}' X «" 


a4" X 


ft' 


15.3* 




7i" X f' 


4*" 


X »" 


as* 


3l" X 


ft" 


I3.8» 




6tt" X ft" 


4ft' 


X 4' 


ai« 


4f" X ft" 


44" X 


r' 


i8* 




6W' X 11" 


4*" 


X r 


aj* 


4*' X H" 


34"x 


«" 


ai» 




6ir X H" 


m" 


X M' 


a6.5» 


4*" X ft" 


34" x 


41" 


10.8* 




6tt" X i" 


iH" 


X »" 


19.S* 


44' X 4' 


S" X 


H 


I5.5* 




6H" X i" 


m" 


X 4' 


I7.5" 


4ft' X ft" 


34" X 


«" 


1 6.8* 




6ft- X It" 


ii" 


X I" 


as.s* 


4ft" X 4" 


34' X 


«" 


IS.8* 




^*;' ^ * ". 


4i" 


X ft" 


aj.s* 


4i" X 4" 


34" X 


4' 


I1.3* 




6A" X » 


5«" 


X H" 


19.5* 


41" X 41" 


34" X 


4" 


io.8» 




^A" ^ A^ 


iJ; 


X ft" 


I5.3" 


41" X 44' 


ag" X 


44" 


IO.S* 




^A' ^ **I 


X U" 


aa* 


4ft'' X sr 


3ft"x 


1!" 


9-5* 




6" X H 


4r 


X « ' 


a8.s* 


44" X 4" 


5ft"x 


4" 


I3.5* 




6" X U' 


3A" 


X H" 


1 8.8* 


44 X M" 


34" X 


4" 


10.5 • 




6" X 1' 


4i" 


X 4" 


i8.8» 


4" X il" 


4" X 


II" 


lO* . 




6" X i" 


4" 


X 4' 


16.5* 
IS.8* 


4" X 1" 


5" X 


4" 


ii» 




6- X Jl" 


JH" 


X »" 


4" X t" 


3" X 


»" 


8* 




6" X i" 


3*" 


X 4" 


14.8* 


3H"x 41; 


6A"X 


ft" 


»4.5* 




6" X « ' 


9" 


X r 


3I.5' 


34*" X ft" 


5«"X 


4!" 


ia.s* 




6" X A" 


3iV 


X ft" 


i6.8* 


54f''x ft'* 


4A"X 


4" 


ia« 




6" X i"*" 


54" 


X i" 


I4.5" 


34*"x 4" 
341" X fl" 


34" X 


M" 


ii.S* 




6" X i" 


5i" 


X ^" 


I5.5* 


34" X 


M^ 


IC.8* 




j:; ^ A 


5i" 


X f' 


13.3' 


341" X f" 


at". X 


4* 


8.3* 




6" X i" 


3" 


X i" 


14* 


341" X ft" 


aj* X 


A' 


6.8* 




6" X 1" 


3" 


X 1" 


II.}* 


341" X ft" 


2" X 


4' 


IO.S* 




't.. '^ *. 


^4" 


X 1" 


ia» 


34" X A" 


3ft'' X 


4* 


ia.8* 




Sjl" X M' 


• 4^" 


X f 


a7.8* 
as* 


34" X 44" 


3' X 


44* 


II.S* 




54" X f 


38" 


XI" 


34* X ft" 


2ft*X 


ft' 


9* 




5f" X «' 


3A" 


X «' 


19.}* 


3t"x ft" 


44* X 


1 • 


11.8* 




5«^ X » 


44" 


X ^«'' 


I9.5» 


344" X r 


ai|*x 


44* 


II.S* 




5«" X «' 

5«" X *"., 


3i" 


X 14' 


ai.8« 


iH"x ft" 


ap X 


ft* 


6.8* 




3" 


X H' 


16.5* 


34"X ft" 


54* X 


44* 


lO.J* 




5»' X \i' 


3^ 


X ii" 


ai.5» 


34" X 44' 


3f* X 


44" 


8.3* 




si" X J" 


^*\ 


X 44" 


a4.s* 


34" X ft;^ 


5A*x 


ir 


9. 3* 




5*' X A" 
si" X f 


3 A'' 


X 1" 
X 1" 


17.3* 


34" X 44" 


aj* X 


8* 


7.8* 




3" 


10.8* 


34" X 4' 


a4'X 


44* 


5.5* 




5 ft" X »" 


^*r. 


X 8" 


17.3* 


34' X 8" 


2ft' X 


8* 


7.3* 




5*' X «; 


aj" 


X ft" 


la.j* 


34" X «;; 

38. X ft" 


1*' X 


ft* 


7* 




51" X «" 


6^" 


X «" 


a6» 


a4' X 


A* 


6.}* 




5l" X 1' 


3i.. 


XI" 


ao.s* 


54" X ft" 


aft'X 


41* 


9.8* 




5*; X i. 


3" 


X «" 


IS.8* 


38" X A" 


i44'x 


r 


5.3* 


■ 


5*^ "^ if- 


6' 


X i" 


1 9.5* 


34" X ft" 


34* X 


I«.5' 




5* X » 
5f' X fi 


4i" 


X }" 


25.3" 


34" X ft' 


aft'X 


ft* 


5' 




4»" 


xift*" 


a8« 


34" X r 


16' X 


8" 


5.8* 




51" X W 


ir 


X 1" 


II.8* 


34" X 1" 


»4"x 


4' 


9.5* 




Si" X t" 


^A" 


X ft^ 


ia» 


34" X ft" 


24"x 


ft' 


8« 




51" X «;; 


^f 


X «" 


17.8* 


34" X A" 


af " X 


A* 


5.5' 


f 


5i" X M" 


6' 


X J" 


a6.5* 


j" X i" 


J" X 


4* 


?:r- 


, 


si" X 8" 


3r 


X 1!" 


lO.g* 


3" X ft" 


J" X 


ft' 




5" X 4" 


4" 


X 4" 


14.5* 


3" X 4" 


J" X 


a* 


7* 




5" X i" 


54" 


X 4 " 


13.8* 


3" X A" 


24"x 


ft* 


5* 


1 


5i" X i- 


3" 


X v 


la.j* 


3" X ii' 


24" X 


ir 


7.5 • 


\ 


5*" X it' 


^'1 


X a" 


!!• 


3' X ft" 


a" X 


ft" 


6.9* 


1 


5i' X jj- 


^^" 


X ft' 


9.8* 


3" X A' 


a" X 


ft* 


5* 




5" . x_«' 


6T 


X ft" 


fli.j* 






1 
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a 


■r.B 


■3g 

il 


II 




s 


s 




BEAMS. II 


'it 




-;* 


.6 


lillr 




1 


t 


"A 


ijd 


^■i 








+■',', 


■47 




MS 


s 


■47 




los 


tl 


1 






44 


A 










9 


K^ 


4 












8 


«o 


4i 




6 


*5 


4 
'if 


■f 




<(j 


f 


1 




S-J 


ft 


■I 










5 


4" 


f 


A 


■1 


1^ 


'i 


A 
A 


CHANNELS. || 


'5 


lys 


^i 


i 


•n 










JiS 










H 




9 


70 


li 


■■v 












4=; 


^t 


.16 




11 
















=4 








4'i 


i 


.40 












"* '\ 




4 


s .J 


"10 





ANGLES. 1 




Ucdigna- 


Approximftte'Wtiicht, in pounds, 






PLT yard, tor each thickness m 




llar. 








AH 1 /. 1 5 \ii 


* 


H 


i 






so.6,57. 564. ji?:. 1:77. , 


H4.. 


4J.U 




















} AJH^ 


t 


« 


♦ 












».( 


H.< 










*.: 


II.; 












1 aU 


* 


1 


A 


* 












1?. 


4f>. 1 










A 1 4 I H 


A 


11 


J 


** 


4 






J i?-^!*!^ 


t 


11 


A 


« 


i 




il X ;!.... 












11. <; 






t 1* '-ft 


(i 


4 


1! 


A 






:1 X :!.... 


Hi. 6;ii, 915.1 14.) 


■ s.s 














tt 










Ill li 










lixU 


1 J 4J 4 Is 


'*'J 













..J4|..!«l,.4Ji.„ 


4.i« 












!>i1 


"K:*,!":"!:::::: 














DNKVEN LEG8. || 






( 


A 


) 


A 


1 


41 


1 










.... 


47. J 


B.I 


B.6 


64. c 


hq. 4 






s";S 


°-5 




40. c 

A 


44.7 
1 


49.2 


5J.7 


s*.. 








ft 


A 


t 


u 






4*! 
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lu auswer to a letter concerning their limiting lengtlis of sections, Messrs. 
.Carnegie Bros» ft Go. wrote as follows on Mar. dlst '8i. 

'* Wcliave your card of the Gtli February. Beams and channels can be rolled 
to 50, 60 and 70 feet lengths, dopoudiug, somewhat upon the size, and the same ma^ 
be said of angles and plates. 

We roll in plates nothing exceeding 86'' in width. In this country beams and 
olianuels are sold at 8 1 — 2 cts. per lb., on cars Pittsburg, for lengths not exceeding 
80 feet. For lengths above this tliere is an additional charge of 1 — 4 cent per lb. 
for each 5 feet or fraction thereof. For export, however, we could waive the addi- 
tional charge for lengths 40 feet and under. 

Angles and plates are sold at 2 4 — 10 cts. per lb., on cars here, with an addi- 
tional charge as above for lengths over 50 feet.** -^ 

Although this company does not roll plates wider than thirty- six inches, other 
American companies roll them as wide as six feet or even wider. Such plates would 
not be longer than fifteen feet and not over half an inch tliick. 

* The latest qaotationB ( Mar. '85 ) are about } cent per pound less than the above. 



CHAPTER III. 



LIST OF MEMBERS. 



lu the following lint of members will be fouud tlie uamea of nil Uie parts both 
of wood and iron in the bridges with which this treatise deals. Its nso will be ex- 
plained in a subsequent chapter. 

List of the Different Members in a Wrought Iron 
Pratt or Whipple Truss Railroad Bridge. 



MAIN PORTIONS. 



Channels. 



< 



I Beams. < 



Angles. 



/Top Chorda. 

Batter Braces. 

Posts. 

Upper Lateral Struts. 

Lower Lateral Struts. 

Upper Portal Struts. 

Lower Portal Struts. 

Intermediate Struts. 

Bottom Chord Struts. 

Hip Verticals in Pony Trusses. 

Side Braces. 
/Top Chords. 

Batter Braces. 

Bottom Chords. 

Intermediate Struts. 

End Lower Lateral Struts. 
\ Track Stringers. 
/Top Chord Built Channels. 

Batter Brace Built Channels. 

Post Built Channels. 
{ Side Braces. 

Floor Beams. 

Track Stringers. 
VGuard Rails. '" 



Tees. 



Plate. < 



Flats. 



Rounds 

and 
Squares. 



Side Braces. 
/Top Chord Upper Plates. 

Batter Brace Upper Plates. 

Webs of Built Channels. 

Webs of Floor Beams. 

Webs of Track Stringers* 

IHanges of Floor Beams. 
^Flanges of Track Stringers. 

Main Diagonals. 

Hip Verticals. 

Chord Bars. 
/Counters. 

Hip Verticals. 

Upper Lateral Rods. 

Lower Lateral Rods. 

Portal Vibration Rods. 
V Intermediate Vibration Bods. 



* Weight included in that uf Flvx>r System Proper, 
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DETAILS. 



/ 



PlateK. 



Stay Plates. { 



Eeinforcing 

aud 
Connecting 
Plates. 



< 



/Top Chords. 
Batter Braces. 
Ends of Posts. 
Middle of Posts. 
Upper Lateral Stmts. 
Lower Lateral Struts, 
Upper Portal Struts. 
Lower Portal Struts. 
Intermediate Struts. 
Bottom Chord Struts. 

/Hip Liside. 

Hip Outside. 

Top Chord Iiitermediiite Panel Points Inside. 

Top Chord lutermedirtte Panel Points Outside. 

Pin Holes in Bottom Chord Struts. 

Pin Holes in Shoes. 

Lower Ends of Posts Inside. 

Lower Ends of Posts Outside. 

Middle of Posts at Pin Holes. 

Reinforcing Plates on Side Braces. 

Intermediate Struts to Posts. 

Intermediate Struts to Brackets. 

Lower Portal Struts to Brackets. 

Upper Portal Struts to Name Plates. 

Side Bracing to Floor Beams. 

Side Bracing to Chord Pins. 

Track Stringers over Floor Beams. 

I Beam Track Stringers to Floor Beams. 

Octagonal Connecting Plates between Track 
V Stringers and Floor Beams. 

Cover Plates }^"P Joints. 

' (lutermediate Panel Points of Top Chords. 

!At Hips. 
At Intermediate Panel Points of Top Chords. 
At Joints in Bottom Chord Struts. 
Over End Floor Beams. 
Between Pedestals and Lateral Struts. 

{Upper Lateral Struts. 
Lower Lateral Struts. 
Upper Portal Struts. 
Lower Portal Struts. 
Intermediate Struts. 

Extension Plates at Upper Ends of Posts. 
Shoe or Pedestal Plates. 
Roller Plates. 
Bed Plates at Pedestals. 

Bed Plates for Track Stringers including Anchor Plates. 
Beam Hanger Plates. 
VName Plates. 



Filling 
Plates. 
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Latticing 

or 
Lacing. 



\ 



/Top Chords. 

Batter Braces. 

Bottom Chord Struts. 

Posts. 

Upper Lateral Stmts. 

Lower Lateral Stmts. 

Upper Portal Stmts. 

Lower Portal Stmts. 

Intermediate Stmts. 
VHip Verticals in Pony Tmsses. 



Tmssing. 



fHip Verticals in Pony Tmsses. 
Lower Chord Bars. 



Pins. 



< 



Top Chords. 

Bottom Chords. 

Middle of Posts. 

Upper Lateral Rod Connection to Jaws and Hip Pins. 

Lower Lateral Bod Connection to Jaws. 

Upper Portal Vibration Pins. 

Lower Portal Vibration Pins. 

^Vibration Bod Connection to Lateral Stmts. 



Bolts. 



i 



/Name Plate Bolts. 

Vibration Bod Connection to Upper Lateral Struts. 

Vibration Bod Connection to Litermodiate Stmts. 

Portal Struts to Batter Braces. 

Bed Plates to Hers (Anchor Bolts). 

Shoes to Bed Plates. 

Shims to Track Stringers. "^^ 

Ties to Shims (Drift Bolts). - 

Ouard Bails to Ties. " 
VTemporary Bolts used in Erection, t 



Brackets. 



r 



{Lower Portal Struts to Batter Braces. 
Upper Lateral Struts to Posts. 
Intermediate Struts to Posts. 
Stringers to Floor Beams. 
Floor Beams to Top Chords in Deck Bridges. 



• Weight included in tlmt of Floor System ProptT. 
t Weijfht not to he included in dead Ifj^l, 
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Ornamental Work. 

Beam Ilaugers. 

Expansion Rollers. 

Eoller Frames. 

Fillers for Pins. 

Tee Iron Fillers over Kml Floor Beams. 

Shoo Pin Supporting Pieces. 

Turn-bncklcs. '" 

Sleeve-nuts. " 

Angles for sides of Roller Plates. 

Anchor Pieces for sides of Roller Plates. 

Stringer Bracing Frames. 

Rails and their Connections, t 



Spikes. 



"Washers. 



Nuts. 



I 



Rails to Ties. I 

Foot Planks to Ties. I 

;0n Shim Bolts. 

On Guard Rail Bolts, f 

/On Pins. 

On Bolts. 

On Beam Hangers. 

Lock Nuts. 
V Pilot Nuts. : 



Rivet Heads. < 



/Upper Plates to Chord Channels. 

Upper Plates to Batter Brace Channels. 

Latticing and Lacing to Channels. 

Latticing to Latticing. 

The various Stay Plates to Channels. 

Tiie various Reinforcing Plates to Channels (fee. 

The various Connecting Plates to the parts which they connect. 

Cover Plates to Channels. 

Extension Plates to Channels. 

Upper Plates of Batter Braces to Shoe Plates. 

Batter Brace Connections to Shoe Plates. 

Trussing to parts trussed. 

Ornamental Work Ccmnection. 

Brackets to the parts which they connect. 

Jaw Plates to struts 

Jaw Plates to Jaw Plates. 

Side Braces to Top Chords. 

Anglo Irons to Roller Plates. 

Bracing Frames to Stringers. 

Track Stringers to Floor Beam Connecting Plates. 
\Post Reinforcing Plates to Floor J3eams. 



* Weight iricliulcd in that of llocl^. 

f Weig^ht included in thjit of Fl(X>r System Proper. 

J Weight not to be included in dead load. 
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Components 
of Built Beams. 



< 



Components 

of Built 

Track Stringers. 



Components 
of lloUcd 
Track Stringers 



/Web. 

Top Plate. 

Bottom Plate. 

Upper Flange Angles. 

Lower Flange Angles. 

Stiffening Angles. 

Filling Plates. 

Stringer Supports. 
V^Rivet Heads. 
/Web. 

Bottom Plate. 

Upper Flange Angles. 

Lower Flange Anglos. 

Stiffening Angles. 

Filling Plates. 

Connecting Plates to Floor Beams. 

Splice Plates for Web. 

Splice Plates for Flanges. 
\Rivet Heads. 

II Beam. 
Stiffening Angles at Supports. 
Connecting Plates to Floor Beams. 
Rivet Heads. 



Shims. 
Ties. 



LUMBER 



Foot Plank. 



N. B. The details of floor Ix^ams and built track stringers do not appoxir among the 
other details in the list, although Uie webs and flange angles do appear in list of main 
jioriions. Bails and their splice i)lates do not appear in the list, but their weight is 
included in that of the Floor System Proper ( see Chapter V ). 



LIST OF MEMBERS IN A PLATE GIRDER SPAN. 



Webs. 

Top Plates. 

Bottom Plates. 

Upper Flange Angles 

Lower Flange Angles. 

Vertical Stiflfoning Angles. 

Inclined Stiffening Angles. 

Filling Plates. 

Shoe Plates. 

Bed Plates with Anchor Plates. 



Anchor Bolts with their Nuts. 
Bracing Frames at ends. 
Diagonal Bracing Angles. 
Connecting Plates for same. 
Bivet Heads. 
Tie Bolts. 
Spikes for Bails. 
Guard Kail Angles. 
Washers for Tie Bolts. 



CHAPTEE IV. 



OENERAT, DESCRIPTION AND KEMARKS. 



If in the last chapter or any other part of the book the reader encounter techni- 
cal terms with which he is not familiar, he can ascertain their meaning by taming 
to the Glossary and, if necessary, consulting the plate or plates there referred to ; and 
he is strongly advised to thoroughly acquaint himself with the meanings of all the 
terms in the hst of members before proceeding farther. 

The object of this chapter is to give a general description of tlie bridges with 
which this treatise deals and an explanation of how the different parts are connected. 
The floor system proper /i. e. the shims, ties, rails and guard rails with their con- 
nections) is described in the next chapter. 

There are but four styles of bridge recommended viz. the plate girder for spans 
below sixty feet in length, the pony truss from sixty to seventy or eighty feet, the 
single intersection or Pratt truss from seventy or eighty to one hundred and eighty 
feet and the double intersection or Whipple truss from one hundred and eighty to 
three hundred feet. 

The first style is so common in Japan that but little explanation is necessary, a 
reference to Plate VII rendering clear the design. The special featiure of the girder 
there represented is the inchned stiffening angle which bears upon the bed plate near 
its inner edge. Its object is to prevent a bending of the flange at the edge of the bed 
plate. That some such device as this is necessary the author was once convinced by 
inspecting some steel girders on the Atchison, Topeka and Santa FeR. R. : they had 
bent quite perceptibly at the bearings. 

The transverse bracing shown on Plate VII is different from that of the present 
Japanese plate girder bridges. The latter is snfiiciently stiff for spans up to say 
twenty-five feet in length, but the diagonal bracing shown on that plate will bo 
found to give superior rigidity for rapidly passing loads on longer spans. The pony 
truss of which some details are shown on Plate IX, is almost the only style of bridge 
except the plate girder which is used in Japan. There is considerable difference, 
however, between those of this country and those here recommended. The former 
are of the Warren type having bottom chords built in a trough shape of plates and 
angles, and the diagonal struts of two very wide eye-bars trussed. There is no 
lateral system or even side bracing, and the passing loads produce bending in the 
lower chords. The style hero recommended differs from the through bridge which 
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will be described presently, by ouly the absence of upper lateral bracing and the 
addition of side braces. Although the " General Specifications '* of Chapter VI 
provide for spans having less than five panels, the author does not recommend their 
use, even if a small saving of iron be accomplished thereby. The objection to three 
and four panel trusses is the unsightly appearance caused by the flat slope of the 
batter braces. 

The Pratt or single intersection quadrangular truss has vertical intermediate 
posts, inclined tension web members, parallel chords and inchned end posts. The 
diagonal ties extend over one pane) only, and the liip verticals are tension members. 

The Whipple or double intersection quadrangular truss differs from the preced- 
ing only in the diagonal tics which extend over two panels and are generally halved 
and attached by pins to the middle of the posts, so that the assumed length of the 
latter as struts may be reduced to one half their real length. 

It is better and more economical to build deck bridges with inclined end posts 
than with vertical ones, the track being carried over the piers by iron bents resting 
thereon. It is better because with vertical end posts there can be no stress in the 
end panels of the bottom chords, an undesirable state of affairs when vibration and 
wind pressure are considered. 

In this and m all other cases where the fioor system is made continuous over 
the piers of consecutive spans, expansion of the floor system must be provided for ; 
otherwise injurious thermal stresses would be induced. 

To all the styles of bridge except the plate girder the following explanations will 
apply. 

Top chords are composed of two channels having their webs vertical with a plate 
rivettcd above and latticing or lacing below as shown on PI. IX Figs. 1 and 7. Wliero 
two channels and a half inch plate do not give a sufliciont sectional area to the chord, 
an I beam of the same depth as tlie channels may be inserted between the latter as 
shown on PI. IX Fig. 2 or, if this does not give sufficient area, channels may be built 
of plates and angles as in PL IX, Fig. 8. What is said of top chords applies also to 
batter braces. 

Posts are composed of two channels with latticing or lacing on each side, as iu 
PI. II Figs. 10 and 11. When sufficiently large rolled channels are not procurable 
it is better to built them of plates and angles rather than to use any combination 
of I beams and channels. 

Lateral and portal struts are also composed of two channels laced or latticed as 
shown on PI. I and in detail on Plates 11 and VIII. 

Intermediate struts for single track bridges are composed of single I beams with 
their webs horizontal (PI. VIII, Figs. 2 and 4), and those for double track bridges of 
two channels laced or latticed. 

Bottom chords consist principally of eye bars, but, as will be seen fartlier on, 
they may have to resist a certain amount of compression under exceptional circum- 
stances, so that in most cases of single track bridges there is a strut of two laced 
channels lying between the eye bars and symmetrically arranged iu reference to the 



— 53 — 

piano of the truss, (see Plato IX, Fig. 11). In .sliort si^aiis this strut may bo omitt- 
ed by trussiug tho inner cliord bars, as shown on Plate IX, Fig. 10. 

Side braces may be made of angle or tee iron, but preferably of channel u:on as 
shown on PI. IX, Figs. IG and 17. 

Floor beams and most track stringers are built of plates and angles as shown on 
Plates III and IV, but, when the panel length is short, I beams can be advantage- 
OHsly employed for the track stringers. 

Main diagonals are always eye bars, nud counters are of square or round section 
with loop eyes at the ends. 

nip verticals may bo of round, square or flat iron: it is customary to make them 
narrower and thicker than main diagonals or chord bars, perhaps because iron in 
such a sliapo is stronger than when rolled into thin bars, and much strength is 
needed in these members to resist shock. Counters are ahvtiys adjustable, i. e. arc 
provided with an arrangement by v/liich they may be shnrloned or lengthened, but 
main diagonals, chord bars and hip verticals are of invariable length. 

Lateral and vibration rods are nearly always round, but there is no particular 
objection to making them of square iron : they are always adjustable. 

It is not considered good practice to vary the thickness of the top chord plate 
or to increase the number of thicknesses towards the middle of the span ; for tho 
l^roper place for the larger part of the material in a top chord is in the channels and 
not in the plate. Similarly in any channel the best place for the larger part of the 
material is in the flanges and not in tho web, nevertheless both thick and thin chan- 
nel webs are necessary for the same structure. 

Channels in struts generally have their flanges turned outward, although, 
theoretically, as far as the strength of the strut is concerned, it is better to turn 
tliem the other way, for the moment of inertia of the section is greater ; nevertheless 
tlie difficulty of rivetting in a confined space more than equalizes the advantage thus 
gained. But there are certain cases, for instance in bottom chord struts, in which 
it is better to turn tho flanges inward notwithstanding the difliculty in rivetting. 

It is not well to reduce to any extent the widths of tho flanges at tho ends of 
strut channels, as thereby tho strut is weakened ; but a shght trimming may bo 
ejffectcd, if the channels be well re-inforced. 

Main diagonals, as will be demonstrated in Chapter XIII, should have tho pro- 
portion of width to depth about one to four, and tho chord bars that of from one to 
four to one to seven, according to the number of them in tho panel. 

Top chords except for very short spans are made up of lengths equal to a panel 
length, so there is a joint in tho channels and plate near every panel point. This 
joint is placed thrco or four inches from the panel point and towards the nearer end 
of the span, in order that the pin hole may not be bored through two abutthig ends, 
as is unavoidable at the hip joint. The abutting ends of each pair of channels are 
connected by a splice plate or connecting plate on each side of tho wob, making four 
2:)]a(es to an ordinary joint besides the cover plate wOiich connects the abutting ends 
of tho chord plates. This detail is represented on PL IX, Fig. 7. 

The connection at the hip is made by moans of two plates on tho outside of the 
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chord and two ou tbo inside of tlio batter brace, through all of which the pin passes. 
Those on the chord abut against plates rivet ted to the outside of the batter brace 
clianncls ; and those on the batter brace abut against plates rivetted to the inside of 
the chord channels, all abutting surfaces being planed to fit exactly, so that, when 
the pin is driven into place, the whole joint is as rigid as if it were rivetted, and the 
batter brace may bo proportioned as if fixed at the hip. There is also a cover plate 
to protect the hip joint from the weather and to add slightly to the rigidity of the 
connection. This detail is ilhistrated on PI. IX, Fig, 4. 

The posts are attached to the upper chord pins by extension plates rivetted to 
the ends of their channels, wliich ends are planed so as to fit closely up to the 
flanges of the chord channels. At their lower ends the bottom chord pins pass 
through holes in the webs of the channels, the centres of which holes are 
located from six to twelve inches from the end of the post. The webs are rein- 
forced by plates on the inside and outside, which plates are turned up horizontally so 
that they can be rivetted to the floor beam, in order to resist any tendency that there 
may be to twist the post when the lateral rods are in action. These details are 
given on PI. IX, Figs. 7 and 12 and on PL II, Figs. 9 and 10. 

The joints in the bottom chord struts occur near the panel points, but because 
these struts usually act in tension it is well to have as few joints as possible and to 
make them extra strong. 

The channels can be obtained long enough to span two panels. They will have 
to be slightly bent at the middle because of the cambre ; this can be readily done by 
heating them. The connection is made by a reinforcing plate on each side of tho 
strut, the plates being several inches deeper than the channels which they sphoe. 
These plates are used at each panel point even where there is no joint, so as to 
reinforce the webs of the channels at the pin hole. This detail is illuatrated on PI. 
IX, Fig. 11, and on PL II, Fig. 10. 

At the pedestal the batter brace channels bear evenly against the horizontal shoe 
plate and are attached thereto by means of a bent jdate shaped to fit accurately 
inside the channels and against the shoe plate. The batter brace upper plate projects 
beyond the channels, and is turned up horizontally so as to bear evenly against tho 
shoe plate, to which it is rivetted. When channel struts are employed in the bottom 
chords, they connect on the shoe i)ins, and, if the latter be not supported, produco 
great bending moments thereon. It is therefore necessary to provide an intermediate 
bearing for the shoe pin. This can be done very conveniently by using an I beam 
with the upper flange removed, the lower flange being rivetted to the connecting plate 
and shoe plate. This detail is shown on PL II Fig. 12 and on PL IX, Fig. 18. Tho 
shoe plate at the fixed end of the span, if it be large enough to distribute the pressure, 
rests directly on the masonry which should be smoothly and accurately dressed at 
tho bearing. If not large enough, it must rest upon a bed plate of wrought iron to 
which it is to bo firmly bolterl, the bolt heads resting in cavities in the masonry as 
shown on PL IX, Fig. 11. 

The bed plate, or if there be none, the shoe plate must be firmly anchored to tho 
masonry by bolts either built into the masonry, in which case, there are washer 
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plates at their lower ends, or driven into holes drilled therein. In Iho latter case the 
ends of tlio bolts are split, wedges inserted in the slits, the bolts driven down hard 
so as to spread the ends ; then molten sulphur is poured into the holes. 

Expansion is provided for at the other peelestal m short spans by a tongue on 
the under side of the shoo plato fitting into a groove in the upper side of the bed 
plate or by such an arrangement as that shown on PI. II, Fig. 15. In other spans the 
shoo plate rests upon a nest of turned rollers, held in a hght frame and resting on a 
planed roller plate, which has angle iron rivetted around its edges so as to form a 
sliallow box : this box is arranged so as not to hold water. The bottom of the shoe 
plate is so planed down as to leave along its centre line parallel to the length of 
the bridge a projecting rib about two inches wide and from an eighth to a quarter of 
an inch deep, which fits loosely into notches turned on the rollers. A similar pro- 
jecting rib on the upper face of the roller plate also fits tightly into the notches on the 
rollers, efiectually preventing lateral motion of any magnitude. The reason why the 
projecting portion of the shoe plate does not fit tightly into the notches in the rollers 
is because, if it did so and if the roller plates were not laid more accurately than can 
generally bo done in practice, the end lower lateral strut might prove to be too long 
to enter the space assigned to it, or not long enough to fill it completely. Vertical 
motion is prevented by turning over the top of the outer angle of the roller plate so as 
to almost touch the top outer edge of the shoe plate. These pedestal details are all 
illustrated on PI. II Fig. 12, and on PL IX, Fig. 18. Shoes are sometimes made hinged 
80 as to make certain of there always being an oven bearing upon the rollers, but most 
of the best bridge designers do not recognize the necessity for this refinement of con- 
struction : its use woiild cause an increase in the section required for the batter 
brace. 

In double intersection bridges the long diagonals are halved and connected by 
pins, passing through the middle of the posts, the channels of which are reinforced 
by plates at the pin holes to compensate for the metal cut away. These holes should 
bo slotted in the direction of the main diagonals, in order that the extension of the 
latter may cause no deflection of the post at the middle, but still permit of figuring 
the post as of half length with both ends hinged. The extension of the counters is 
not so important therefore the pin holes need not be slotted in the direction of their 
length. Centre posts, which are crossed by counters only, nearly always have a 
superabundance of strength, so their centre pin holes require no slotting. 

Filling plates are used for top chords where there are abutting channels with 
webs of unequal thickness, in floor beams and track stringers to fill the spaces bet- 
ween stiffeners and webs, at pedestals to fill between the outer chord bar heads and 
the webs of the batter brace channels, and at first panel points of through bridges 
below the chord heads so as to make the floor beams at these places on the same 
level as that of the others. 

Lateral struts are connected to chord pins both in the upper and lower systems 
by jaws as shown on PI. VIII Figs. 1 , 2 and -i. Where bent eyes are employed for the 
lateral rods there are two nuts of different diameters used for attaching the strut to 
the chord pin. The larger serves to hold the jaw against the chord, and the smaller 



— 56--. 

to resist the pull of the lateral rods : of course the pin has to be shouldered down, 
and it is evident that it should be inserted from the outside of the bridge. Jaw plates 
arc either single or double ; the former where a special vertical pin is used for the 
lateral rod attachment, the latter where the rods arc connected to the chord pins by 
bent eyes. These bent eyes are not used on rods exceetliug one and three quarter 
inches in diameter. The function of the inner jaw plate is to reduce the pressure of 
the bent eyes upon the nut on the end of the chord pin, and to avoid the oblique 
action of the same. This obhque action is not so objectionable in the case of hgbt 
rods pulling against well proportioned bolts and nuts, as in the case of some vibra- 
tion rod attachments. 

Portal braces are connected to the batter braces by large short bolts through 
the medium of single jaw plates as shown on PI. Mil Figs. 3 and. 6. "WTien there are 
vibration rods at the portal the portal strut channels are placed closely together with 
their icehs parallel to the plane of the batter braces, in which csme one bolt through 
each jaw is sufficient ; but, when there are no vibration rods, the portal strut chan- 
nels are spread far apart with ihcir rlanr^es parallel to the plane of the batter braces, 
in which case two bolts through each jaw will be required. Portal vibration rods are 
attached to the struts by pins as shown on PI. YJll, Fig. 3. 

End upper lateral rods, if small, may be attached to the hip pins by bent eyes, 
provided that the nuts for said pins be well proportioned ; but, when they exceed one 
and three quarter inches in diameter, they are coupled by spht eyes to special verti- 
cal pins passing through the flattened ends of the hip pins as shown on PI. YJll Fig. 5. 

Intermediate vibration rods are attached to upper portal and intermediate struts 
by bolts or pins as on PI. VIII Figs. 2 or 4. 

Intermediate struts for single track bridges are connected to the posts by two bent 
plates at each end as shown on PI. Yin Figs 2 and 4 ; those for double track bridges 
by jaws. 

Knee braces or brackets ai'e used to connect upper lateral, portal or intermediate 
struts to posts or batter braces. Where no vertical sway bracing is used these knee 
braces are very important portions of the structure, and have to be proportioned to 
resist calculated stress, but where sway bracing is employed their use is principally 
ornamental. They can bo made of either angle, channel or tee iron ; preferably the 
former : they are not to be bolted but rivetted to the parts which they connect. Side 
braces are to be connected to the top chords and floor beams as shown on PL IX 
Figs. 10 and 17. 

There are two different floor systems, to be described presently : in the first of 
thc'HO the lower lateral rods pass through the wooden shims ; and the lower lateral 
htrutii between the ends of the track stringers ; but in the second botli rods and 
Ktrutrt ])tim through holes in the webs of the stringers. The first system is shown on 
PI, 1 1 1 ilui Hccond on VI IV. 

J^'joor boiimn aro hung from bottom chord pins by beam hangers, formed of 
.vjuanj iron willi <jnliir«,M(l oikIh, which is bent into the shape of the letter U. The 
iinU of tbo lianj^orH pasH throu'^h holes in a plate, called a beam hanger plate, which 
luiia uti a wort of Mtirrup for the floor beam. Nuts on the ends of the hangers are 
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turned so as to press tlio floor beam against the bottom of the post (or the filling 
piece at tbo first panel point) and are prevented from getting loose by lock nuts. 
This attachment is illustrated on PL II, Fig. 10. Floor beams in deck bridges should 
rest upon the top chords, directly over the posts: their lower flanges should be 
rivetted to the chord plate, and brackets of angle or channel iron should bo used to 
prevent injury from the racking cftect of passing trains. This detail is shown ou 
PI. IX, Fig. 16. It is not legitimate to use sucli floor beams as upper lateral struts, 
although they undoubtedly aid tiie upper lateral system. 

The two floor systems referred to a few lines back are for tliese two cases viz., 
whore there are wooden shims resting on the track stringers and where there are 
not. The former is employed when the stress in the end lateral rod is not sufiicient 
to necessitate the use of double rods, and the latter in all other cases, thp reason 
being that four rods passing through a shim would cut it up too much, besides 
making it inconvenient to get the rods and shims into place. 

In the first case the track stringers rest on shelves of angle iron supported by 
short stiffening angles, and are also attached by bent plates rivetted to the webs of 
both beams and stringers. To obtain greater stiftuess, plates of the full width of the 
top flanges may be run through the lateral struts and rivetted to the flanges of 
adjacent stringers, but these are not absolutely necessary and may be omitted, if so 
desired. This style of floor system is shown on PI. III. 

In the second case the stringers pass over the floor beams, which are a few 
inches lower than in the other case, and are made continuous from end to cjid of 
hpan by means of spHcc plates on both webs and flanges. Heavy siifi'eners arc 
placed beneath the points of support of the stringers to avoid all tendency to buckle 
the web of the beam. Additional support and rigidity are given to the connection by 
brackets extenduig from the bottom of the beam to the bottom of the stringers. 
This method is illustrated on PI. IV. 

All built track stringers have stiffening frames lying in planes transverse to their 
length and spaced from seven to ten feet apart. None are required at the ends, 
when the stringers abut against the floor beams, but there is one near each end 
when the stringers rest thereon. Extra stiff frames are required at the ends of 
stringers which rest upon the piers or abutments. Bed plates with grooves or some 
similar arrangement are to be used for the stringers where they bear upon masonry, 
and are anchored to same in a manner similar to that described for the case of 
X)cdestal bed plates. Similar bed plates are used at one end of plate girder spans. 
Lock nuts are used on all adjustable members : any stylo that will act eflicicntly may 
bo employed, but those illustrated on PI. II Figs. 5, G and 10 are quite simple and 
effective. 

Ornamental work can be placed at the brackets on the portals, at the intersec- 
tion of the portal vibration rods, above the upper portal struts, and even on inter- 
mediate brackets. A nmall iinioniit of ornmontfil work will go a long way in 
uu iron bridge. 

In floor beams, track stringers and plate girders it is bettor to concentrate as 
much of the sectional area of the flanges into the angles and to use plates sparingly. 
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in ipite of an apparent economy in employing the latter ; for tbo iron acts more 
efficiently wiien the stresiiefl tbereon are not transmitted to too many parts. 

iDizle atiffenera for these members are preferable to tees or channels : they 
dhoalii be mxiJe flash with the vertical legs of the flange angles by filling platesi 
in:;ieaa ot being bent around the flanges, and at the same place there should always 
be one on each side of the web. 

In mziking torn buckles, a httle expense can be saved by having only one adjust- 
ing-end : the other having a hole, through which passes one end of the rod, which is 
euLurged into a head. One advantage of this style is, that the turn buckle can never 
be Io;>t from the rod. Such a turn buckle should always be used on portal vibration 
rods, for a reason that will be given in Chapter XXII. 



CHAPTER V. 



FIOOK SYSTEM rSOPEll. UE-KAILlNfl * DITCHIXO Ari'ARAT US. 



TliG floor system proper, or the arrangement of ties and guard rails, here 
recommended is not the one in common use in America, but is a modification of 
that proposed by W. Howard White, Esq. C.E., in the Tramactions of the American 
Societij of Civil Engineers, Nov. *88, the changes being the substitution of angle 
iron for the wooden guard rails, the shortening of the ties, the diminution of the 
spaces between them, and the providing of a place of safety for anyone who may be 
upon the bridge when a train is passing. The usual American floor system is much 
heavier than the one proposed by Mr. White, and consequently is not only more 
costly in itself, but by increasing the dead load of the bridge necessitates the use of 
more iron for the trusses. For short spans this might be considered advantageous, 
in that it tends to lessen vibration, but for long spans it is decidedly the contrary. 
The employment of long ties and outside guard rails necessitates the use of two 
extra stringers to sustain a portion of the live load in case of derailment, because 
the guard rails being higher than the rails must be placed at such a distance outside 
of the latter, in order to permit of the passage of snow-ploughs, that the unaided 
ties would not be strong enough to uphold a derailed locomotive. 

Because of the flanges on the wheels an inner guard rail of the same height as 
tlie rail is fully as eflicient as an outer guard rail two inches higher, and has the 
advantage that it may be placed close to the rail, thus preventing excessive lateral 
movement of a derailed carriage or locomotive. 

The floor systom recommended by the author is illustrated on Plates III and 
IV. Most of the ties are of 7" x 8" x 0' oak, laid on their flats, and spaced not more 
than twelve inches centre to centre, thus leaving an opening of no more than four 
inches, which will not cause excessive jolting of derailed wheels. Every sixth or 
seventh tie in single track bridges is twelve feet long, so as to support at each end a 
8" X 12" pine plank, extending from end to end of bridge, in order to afford a place 
of refuge from passing trains. Each foot plank is to be spiked to each long tie by 
two 7" cut spikes. 

In double track bridges the long ties are to bo twenty- two feet in length, extend- 
ing clear across the bridge, and supporting a run of plank at each end and another 
at tijo middle. The latter serves merely as a stepping place to pass from one track 
to tho other, the outer runs only being intended for places of safety. 
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When wooflcn shims arc tisod, as in Plato III, the tics at tho panel points are 
made of 7" x 14" x C timber so as to span tho opening left between the ends of the 
stringers for tho passage of tho lower lateral struts. The ties are dapped about an inch 
onto the shims, which are generally of 7" x 8'' oak, and are connected thereto by drift 
bolts of three quarter hich square iron driven into three quarter inch round holes, 
bored obliquely through both ties and sliims. Tho bolts are provided with square 
heads, so that they may bo withdrawn by a claw bar, when tho timber is to bo 
replaced. The wooden sliims aro useful in affording an easy means of attaching 
tho ties to tho stringers, besides adding somewhat to the strength and stiffness of 
the latter, — enough in any case to compensate for the loss of strength caused by 
the holes for the attaching bolts. The latter should be staggered and spaced about 
two feet apart, but there should be no bolt x)laced nearer than two feet to tho middle 
of the panel, where the bending moment on the stringer is at a maximum. 
These bolts are to bo J" in diameter, and the holes tlirough which they pass |J" in 
iron and 1" in wood. 

The guard rails are of 5" v 4" x i" angle iron, each weighing 14 J* per lineal 
foot, tho five inch log being vertical, and tho four inch leg perforated for tho 
passage of tho i" bolts which attach it to alternate ties. 

The distance between tho inner face of tho head of the rail and the outer face 
of tho guard rail is six inches. 

To avoid splitting the wood a small hole should bo bored whenever a track 
Bpiko is to be driven. 

When shims are not used, tho ties are attached directly to the stringers by bolts. 

By glancing over the bills of iron and lumber in Chapter XVIII and chooshig 
those weights which belong to tho floor system proper, the weight of iron per lineal 
foot of span in this portion of the bridge will be found to be 87 pounds and tho 
weight of lumber per hneal foot 195 pounds. When shims aro not used tho weight 
of u'on is almost unchanged, but tho weight of lumber is reduced about 40 pounds 
per lineal foot* 

Plate V illustrates a re-railhig device to be placed at each end of a bridge. By 
its use any car or locomotive which is off the track, at a dLstancv not greater than 
half thegautjc^ will be returned thereto before coming upon the bridge. This ingenious 
device is the design of R. McClure, C. E. Esq. use larger letter, Ohio f Engineer of the 
Chicago, Burlington and Quincy li. R. system, to whose kindness the author is indebted 
for the drawings from which Plate V was prepared. Tho author has been obliged to 
introduce several unimportant modifications to adapt it to the change of gauge and 
to the peculiar guard rail employed. 

It consists essentially of an ordinary frog point placed midway between the 
rails at a short distance from the end of the bridge, from which point diverge two 
ordinary rails produced until their centre lines approach the centre lines of the track 
rails within about a foot. The ends of the former rails rest on an extra wido tie, 
and between each of them and the nearest track rail is a ^" plate resting on two 
ties and having tho end bent down. This plate joins onto a 4" x G" angle iron 
with the four inch leg vertical, and cut and bent as shown on the drawing, tho outer 
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vortical faco being made oontinaous with the outer face of the rail bead. The anglo 
iron and a portion of tlio plato rest upon and are attached to a 5" x 0" oak timber 
laid on its flat, dapped and well spiked to the ties, and having the end bevelled 
oiT so as to make t'iio plate and angle iron form an inohned plane. The other end 
is also bevelled off, but more suddenly. The vertical legs of the anglo irons are so 
trimmed as to have their upper edges horizontal, and the other legs so that they 
will not approach too closely to the track rails. The outer faces of the vertical legs 
approach the inner faces of the track rail heads till the distance between them is 
two and a half inches, then run parallel thereto for a short distance and again 
diverge. The gi'eaiest elevation of the nppcr face of the six inch leg of the angle 
iron is three quarters of an inch less than that of the track rails. 

On the outside of each track rail and close up to its lower flange is a J" plate 
resting upon an oak timber 4 V" deep and of varying width ; the width of the plate 
also varies. The timber is bevelled off at one end so as to form an inclined piano 
leading up to a level surface of the same height as that of the rails. The outer 
plate begins a few feet further from the bridge that does the inner one, and its rise 
is greater and more rapid, thus giving the derailed carriage or locomotive a cant 
towards the track, which with its momentum helps to throw it back on the rails. 

The modus operandi is as follows : a derailed car, for instance, approaches the 
bridge, and the wheels which are between the rails strike either the frog point or 
one of the diverging rails. These direct the wheels unto the incUned planes up 
which they mount and upon which they are conducted by the vertical legs of the 
angle towards the track, approaching it so closely that the outer portion of their 
peripheries will rest upon the rails as soon as the angle iron begins to descend. 
The space between the outer plate and the head of the rail is so small that the 
flange of the wheel has no chance to enter it, so that the car cannot but regain its 
place upon the rails. 

Mr. McCluro has experimented upon this apparatus with perfect success, but 
has not yet adopted it on his roads ; because it infringes upon a safety switch device 
already patented. 

But as American patent laws do not extend as far as Japan, there seems to 
be no objection to the use of the apparatus on Japanese roads. 

It is possible though not probable that a car may jump the track when on the 
bridge, to provide for which case the author has adapted the apparatus so as to 
re-rail such a car : this portion of the design may, however, be omitted without in- 
curring any possibility of injury to the bridge. 

There is still one case in which a derailed locomotive might injure a bridge 
even with this appliance in use ; that is, when the wheels are more than half the 
width of the gauge out of line. There is nothing to be done in such a case except 
to ditch the train at the nearest comparatively safe place to the bridge. This can 
bo done very easily by the apparatus shown on Plate VI, a design of the author's, 
which is probably also an mfringoment on one or more American patents. Its 
action is very simple : one of a pair of diverging angle irons, beginmng at a distance 
from the track rails equal to half the gauge, catches the wheel tlanges on one side 
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of the ienikd rehkle t&d tfarors it flear of the tnu*k. The inclined pknes <m the 
insde (4 the tnek enable the other wheels to jamp the nils. 

SUttening ang^, with the rertieal legs turned down so as to offer no obstruction 
to fMUsing wheels, are used where there exists the greatest teadenej to tear np the 
deflecting angles. Tbej are to be well spiked to the ties. 

Plates Y and YI are not intended to be complete drawings in respect to detail* 
for the spikes, fish plates ke. are omitted. These details are, however, not essential 
to a thorough nnderstanding of the deTices illostrated. 

From the ditching to the re-railing apparatus there shoold be a rail midway 
between the track rails to prevent any derailed vehicle, which passes the ditching 
apparatus, from diverging m^e than half the width of the gauge before reaching 
the frog point of the re-railing apparatus. 

By the use of this combination perfect safety from derailment is insured to a 
bridge. 



CHAPTER VI. 



GENERAL SPECIFICATIONS. 



Moving Load. 



The moving load for each track is to consist of two engines, 
whose weights and distribution of same are given in the accompany- 
ing diagram 






12.5 
ions 



12.6 
tons 
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followed by a train of cars whose weights per Uneal foot of track 
are to be taken from the following table 



Span 


Live Load per lineal foot. 


Under i$c/ 


1200 pounds. 


From 150' to acx/ 


1150 „ 


„ acxy to a5cy 


1 100 „ 


„ 250' to $00' 


1050 „ 



To simplify calculation spans from twelve (12) to sixty (60) 
feet may be calculated for the uniformly distributed loads given in 
the following table 



Span. 


Unif. Load. 


Span. 


Unif. Load. 


la' to 18' 


4200 pounds. 


35' and 54' 


34C0 pounds. 


19' and iC 


4100 „ 


55' « 36' 


3300 „ 


21' „ 22' 


4000 „ 


37'. „ 38' 


3200 „ 


23' ,. 24' 


3900 


39', 40' and 41' 


3100 „ 


25' „ 26' 


5800 „ 


42', 45' „ 44' 


3000 „ 


27' „ 28' 


3700 „ 


45'»46' >* 47' 


2900 ,» 


29' » 30' 


3600 „ 


48', 49' p SC 


2800 „ 


3'' ^ 32' 


3500 


51' to 60' 


2700 „ 



(^ 
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Tiio livo load stresses in floor beams and track stringers and 
in all plate girders not exceeding twenty-five (25) feet in length are 
to be increased by twenty- five (25) per cent., in order to provide for 
shock. 

For the same reason the stresses in plate girders of and ex- 
ceeding twenty-five (25) feet in length are to be increased by the 
percentages given in the following table 



Span. 


Percentage. 


S^mn. 


Percentage. 


25' and 26' 


24 


37' and 38' 


18 


27' „ 28' 


25 


39', 40' and 41' 

1 


16 


29' « 50' 


22 


42', 43' >* 44' 


14 


31' „ 32' 


21 


45', 46' „ 47' 


12 


33' „ 34' 


20 


48', 49' ,» 50' 


10 


35' „ 36' 


19 


51' to 6c/ 


8 



Dead Load. 



Wind rrwsiirc. 



The dead load is to include the weight of all the iron and wood 
in the structure, excepting those portions resting directly on the 
abutments, and whose weights do not affect the stresses in tho 
trusses. 

Oak lumber is assumed to weigh four and a third (i\) and 
pine two and a half (2i) pounds per foot board measure. Should, 
in anylbridge of or below two hundred (200) feet span, the calculated 
dead load differ more than seven (7) per cent., or in any bridge 
above two hundred (200) feet span more than four (4) per cent. 
from that assumed, the calculations of stresses &c. are to be made 
over with a new assumed dead load. 

The wind pressure is to bo divided into two parts, one a moving 
load of two hundred and forty (240) pounds per lineal foot and tho 
other a fixed load of thirty (80) pounds per square foot of exposed 
bridge surface. The latter is to bo determined by adding together 
the area of the elevation of the floor system, figured by multiplying 
the vertical distance from the top of the rail to tho bottom of the 
track stringer by the length of the span, and twice the area of the 
vertical projection of one truss. 

Trusses of less tlian two Imndrcd (200) feet span are also to be 
proportioned for a pressure of fifty (50) pounds per square foot 
when unloaded, those of from two hundred (200) to two hundred 
and fifty (250) feet for forty-five (45) pounds per square foot, and 
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StreMKci* doe to Canr- 
ature. 



thoso of two hnndrod anil fifty (250) to tliroo hundred (800) feet for 
forty (10) pounds per square foot. The area Bubjected to wind 
pressure is to be figured as just described; and the greater stress 
by either method of computation is to bo used in determinhig the 
sectional area of tlio bracing. 

In through bridges and pony trusses the wind pressure on the 
train is to be assumed as taken up by the lower lateral system, and 
in deck bridges by the upper Literal system. The wind pressure on 
the bridge itself is to be divided between the upper and lower systems 
according to the proportion of total area above and below the 
middle horizontal plane of the structure. 

When a structure is upon a curve the stresses in chords and 
lateral systems and in the end transverse sway bracing of deck 
bridges due to the centrifugal force of the heaviest assumed train 
moving at a velocity of sixty (GO) miles per hour are to be provided 
for. These stresses are to be considered of as great importance as 
any other stress in the membeia alTected thereby. 

In all through bridges and pony trusses the clear distance 
between nearest members of trusses shall be at least twelve (12) 
feet six ((>) inches for single track bridges and twenty-two (22) feet 
for double track bridges. 

When such a structure is upon a curve, these minimum widths 
are to be increased by the product of the radius and the versed sine 
of one half the arc of the curve which is subtended by the span, 
plus seven (7) times the superelevation of the outer rail above the 
centre line of the track. 

The length of span is to be understood as the distance between 
centre of end pins for trusses and between centres of bearing plates 
for all rolled beam and plate girder spans. 

Uniting liengtii* oi The greatest lengths of span for the different clear roadways 

cKr RoiUiwAyM. ^1*6 to 00 taken from the follownig table 



Cl*:%t Boadwftr. 



IxDRtU of SpftD. 



Clriir RoailwAy. 


Oroatost Ti<.'nj^t)i of Span. 


12.5' 


^ »• 
/? 


'3.0' 


1^0' 


15.5' 


150' 


'4.0' 


i8o' 


14.5' 


110' 


15.0' 


24:' 


'5.5' 


770 


16.C' 


1 
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aeur Heeiiway. Tlio cloai' lioa<lway or voi-ticrtl distance between the upper sur- 

face of the rails and the lowest part of the overhead bracing shall 
be at least twelve (12) feet six (G) inches. 

^HlZ **' ,^"*^«» '«' Spans below fifteen feet are to consist of rolled beams ; spans 

Different Spau' . *- . 

between fifteen (15) and sixty (GO) feet of rivetted plate girders ; spans 
between sixty (CO) and seventy (70) or eighty (80) feet of pony 
trusses or deck bridges, and spans above seventy (70) or eighty 
(80) feet of through or deck tiuss bridges. 
Liinitiuff Depths of The greatest allowable depth, measured from centre to centre 

Pony rruM««es. " ■■• 

of chords, for pony trusses is nine (0) feet. 
LimhinR Slope for xhc least allowable slope for batter braces of pony trusses is to 

IlAttcr ]tl-ACC8 of * L J 

Tony TruKHc«. ]yQ f^^yo (2) horizoutul to ouc (1) vcrtical. 
Liniitinfi lit^n^ih of The Icast allowable lengths of span for double intersection 

ft|>an for Doiilik* lu- 

tfrscctiinBiidKiH. trusscs are one hundred and seventy (170) feet for single track 

bridges and one hundred and fifty (150) feet for double track 
bridges. 

siJeBrtoog, The Icast allowable batter for side braces in pony trusses is fHyo 

(5) inches to the foot ; and all side braces arc to be made to resist 
both tension and compression. In no case is a side brace to have 
less strength than that of a 8" x 8" — 7* angle iron. All pony 
trusses arc to be provided with side braces. 

Limiting Sires of Sec- No rouud rods Icss than oijo (1) inch in diameter nor square 

tiona. , ^ . 

ones less than seven eigths (J) of an inch on a side are to be used : 
no bars less than five eigths (i) of an inch thick for diagonals, no 
largo plates less than five sixteenths (^^) of an inch thick, nor, 
except for filUng plates, any iron less than a quarter of an inch in 
thickness anywhere in a bridge. The least allowable depths for 
channels are four (4) inches for lateral systems, five (5) inches for posts 
in pony trusses aud six (6) inches for posts in trusses of through 
and deck bridges. 

Limiting Widths of The Unsupported width of any plate subjected to compression 

must never exceed thirty (80) times its thickness. 

Limiting sizM of Uiv The Icast allowable sizes of upper lateral rods are those given 

ptr Lateral Rods. *^^ ° 

in Table XIII. 

Expansion. AH spans shall be provided with some means of expanding and 

contracting longitudinally with a variation in temperature of one 
hundred and fifty (150) degrees Fahr. as must also the track stringers 
where they rest upon the piers or abutments. 

Spans of over seventy-five (75) feet in length are to have at 
one end two nests of turned wrought iron friction rollers running 
between planed surfaces. 

Anchorage. One end of every span must be firmly anchored to the 

masonry, and the other end must be so attached thereto as to 
prevent vertioal and lateral and permit of longitudinal motion. 
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Ai each bearing there are to bo four anchor bolts firmly at- 
tached to the masonry, the diameters being not less than seven 
eights (X) of inch for plate girders, one (1) inch for pony trusses 
and one and a quarter (\\) inches for through and deck bridges. 

Except in the case of swing bridges consecutive spans are not c^nunuouii siuu. 
to be made continuous over the points of support. 

The cambres for bridges of the diflferent spans arc to be taken ciunbro. 
from the following table. The cambres of the rails may bo reduced 
to two thirds of these amounts by varying the depths of the daps in 
the ties. 



Span in ^t. 


CaiTibre in inches. * 


50— 70 


I.O 


70 — 100 


1.5 


100 — 150 


1.0 


ijo — 160 


2.5 


160— J90 


3.0 


190:— 210 


I'S 


a 20 — 260 


4.0 


260—300 


4.5 



In all deck bridges and in all through bridges, where the depth Vertioai sw»7 Brae, 
from centre to centre of chords is twenty-four (24) feet or over, 
vertical away bracing is to bo used. It is to be proportioned to 
resist the stresses produced by the wind pressure ; and, in double 
track bridges, also those produced by the greatest inequality of panel 
loading. In deck bridges where the track is on a curve, the ver- 
tical sway bracing is to bo proportioned to resist the stresses due to 
centrifugal force. 

Portal and 'lateral struts subjected to bending must first be portAi ana i^tenii 
proportioned for direct stresses duo to both whid pressure and the BcmuLg" ** 
initial tensions on the rods meeting at the end of the strut, and 
then to their sections must be added sufficient area to resist the 
bending, the intensity of working bending stress being taken equal 
to six (G) tons. 

The effect of wind pressure on posts and batter braces of double ^p'^'t^^^'g^na^^lJittcr 
track bridges need not be considered ; nor need it bo considered in b^**"- 
single track bridges, unless the section which it calls for exceed fifty 
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Effett of WiUil Pre«- 
Kiire on Chord 

StrofKCM. 



IiiitUil TcuiioiiM. 



(50) per cent of that needed to resist the liv&and dead load stresses; 
the intensity of working bending stress being taken as five (5) tons, 
and that for the transferred load stress as given in Table"^^III. 
In case the area required to resist the wind stresses exceed fifty 
(50) per cent of that required to resist the live and dead load 
stresses, the total section is to be obtained by adding to the former 
area one half (J) the latter area. 

The effect of wind pressure on bottom chord tension in double 
track bridges need not be considered, but in single track through 
bridges the bottom chords are to be proportioned first for the sura 
of the live and dea<l loml stresses with an intensity of five (5) ions, 
then for the sum of the live load, dead load transfered load and 
wind stresses with an intensity of seven and a half (7 J) tons. If 
Uicre bo stresses due to centrifugal force the areas found as just 
described are to be' increased by amounts sufficient to resist the 
last named stresses using an intensity of working stress of five (5) 
tons. 

In case of single track deck bridges the upper chords are to be 
proportioned to resist the whole of the live and dead load stresses, 
or six tenths {-^j^) of same plus the wind stresses minus the trans- 
fered load stresses whichever of these two quantities be the greater. 
If there be stresses due to centrifugal force, they are to be added to 
tlie greater of the two quantities akeady found. The intensity to 
be used is given in Table VIII. Wind pressure on top chords 
of through bridges need never be considered. 

It is only the outer bottom chords of through and pony truss 
bridges and the inner top chords of deck bridges, in respect to the 
curve, that need to have their areas increased to resist the stresses 
produced by centrifugal force. 

To allow for the stresses caused in adjustable main members 
by the screwing up of the turn buckles or sleeve nuts, the stress in 
each such member is to be increased by the amount given in the 
following table 



i" O — i.oo tons. 


ij" — 2.50 tons. 


iro-'.^5 « 


ir 0-^.75 - 


ir 0-1.50 „ 


2" — 3.00 », 


»ro~i.75 - 


lA" 0-3.^5 ,> 


17 Q- 1.00 „ 


2f' 0-3.50 „ 


ir 0-2.15 *. 


ai" 0-3.75 », 




2*" — 4.00 ,, 
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Square or flat bars are to receive the allowance for round rods 
of equal sectional area. 

Lateral struts are always to bo attached to the chord pins. (ouiKction for Lit- 

eral Sjdtcnu* 
Lateral rods are also to be attached to the chord pins by bent 

eyes when the larger rod at the connection does not exceed one and 

three quarter (If) inches in diameter. In other cases they are to 

bo connected to special vertical pins passing through jaws on the 

lateral struts. Floor beams are not to be used in any case as lateral 

struts. 

Infiffurinc: the stress in a lower lateral strut at the roller cud stnisc^inKn.i Lower 

1 lit 1.1 Lateral struts 

of a span, the stress caused by the total wmd pressure on both 
upper and lower lateral systems is to be added to the transverse 
component of the initial tension in the end lateral rod or rods atta- 
ched to the windward end of the strut, and from the sum is to be 
subtracted one fourth (i) of the reduced pressure upon the windward 
shoe. 

The calculations are to be made for the case of the bridge 
covered by the moving load and for that of the bridge empty, the 
greater of the resulting stresses being adopted. 

In any panel of a bridge where the compression on the bottom stinrencii Bottom 
chord due to the wind pressure when the bridge is empty exceeds 
the tension there due to the reduced dead load alone, the chord in 
that panel must be made to resist both the tension and the excess 
of compression. 

Where two channels are employed for the lower chord, the 
effective areas of the webs alone are to be counted upon to resist 
tension. 

The top chord and batter brace sections, whenever large Top choni nua But. 
enough channels are procurablCi are to consist of two channels with 
a plate above and latticing or lacing below. The top plates must be 
thin and of the same section throughout, the increase in sectional 
area being obtained by thickening the webs of the channels. For 
heavier chords, an I beam may be inserted between the channels, or 
the chord may be built of plates and angles in channel form, care 
being taken to remove the material as far as practicable from the 
neutral surfaces. 

Posts are to be made of two channels latticed or laced, when rwt scctioua. 
sufficiently large channels are procurable. Otherwise they are to 
be built of plates and angles in channel form, the same restriction 
in regard to a proper disposition of the material as in the case of 
chord sections being observed. 

Upper lateral, lower lateral and portal struts are to be composed upt*cr Lntcnu, T/)wrr 
of two channels laced or latticed, and are to be connected by pro* strurscctloa-. 
perly proportioned jaws. 
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Inieiisiticd of Work- 
ing Tensile Strc^is. 



The intensities of working stress for iron in tension are to be 
taken from the following table. 



Member. 


Intensity. 


Pliiin Chord Bars 

Trussed Chord Bars 

Adjustable Diagonals 

End Main Diagonals 

Other Main Diagonals between 

Pl^n Hip Verticals. 

IVussed Hip Verticals 

Flanges of Boiled Beams 

Flanges of Built Beams (net saction) 

LatenJ and Vibration Bods • 

Beam Hangers 


$.00 tons. 
4.00 „ 
4.00 „ 
5.00 „ 
4.00 & 5.00 
4.00 „ 
5.00 „ 
5.00 „ 
4-00 „ 

7.50 ** 
3.00 „ 



InteiLsiticA of Worlc- 
ing CompreiMive 



The intensities for intermediate main diagonals are to be inter* 
polated according to position. 

For struts composed of two channels with plates or latticing or 
lacing, or of two channels with an intermediate I beam, or stmts 
built of plates and angles in a shape resembling that of the channel 
strut, the following formulae are to be used in finding intensities of 
working compressive stress. 

1st. For lateral and intermediate strute. 

/ 



1 + 







P = 



8 + 



80 



and 2nd, for all other strute. 



/ 



1 + 


IT 


* + 


H 
20 



p = 



where p is the intensity of working compressive stress, H the length 
of strut divided by least diameter of same, 

19.25 for two fixed ends 
/ = . 19.25 for one fixed end and one hinged end 

18.90 for two hinged ends 

15,820 for two fixed ends 
8,000 for one fixed end and one hinged end 
1,000 for two hinged ends 

The working loads for I beam struts are te be taken from 
Table X. 
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For the fiangos of rolled beams the intensity is to be taken 
eqnal to iive (5) tons, and for those of built beams four (4) tons on 
the gross section. 

The intensity of working bending stress for pins and rivets intou^itics of woric- 
belonging wholly to the lateral systems or sway bracing is to be *»k b<j"*i«»i? ^trc-n^*. 

taken equal to eleven and a quarter (11:1) tons, and for all other 
pins and rivets seven and a half (7i) tons. 

Where steel pins of good quality are employed, the intensity 
may be assumed at twelve (12) tons for trusses and eighteen (18) 
tons for lateral systems. 

The intensity of working bearing stress for pins and rivets i„tonsitiM of work- 
belonging wholly to the lateral systems or sway bracing is to be »»? Boiirinif strer^s. 
nine (9) tons, and for all other pins and rivets six (6) tons. 

Hip verticals in pony trusses, having less than five (5) panels, iiip vertionb in rouy 
are to be stiffened so as to resist compression due to initial tension '^""^**^- 
on counters. If the section employed consist of two channels, the 
net section of the webs alone is to bo relied upon to resist tension, 
and if trussed bars be employed the intensity of working tensile 
stress on the net section is to be reduced to three (8) tons. 

Middle panel diagonals, coimters, lateral rods, vibration rods ui>%t ro<u. 
and all other adjustable rods are to have their ends enlarged for the 
serew threads according to the dimensions given in Chapter XIX, 
and are to be provided with check nuts. 

All threads except those on the ends of pins must be of a xhrcaa^. 
uniform standard. 

Trussing is to be employed only for stiffened bottom chords Tm^iug. 
and hip verticals. The least allowable section for trussing bars is 
a quarter (i) of an inch by three (8) inches. 

The least dimensions for the upper plates in top chords and i/^t nimcuMions for 
batter braces are to be taken from the foUowing toble. bI^puS^.^""' 

With channels greater than seven (7) inches in depth, should 
the width of plate employed exceed that given in the table by from 
forty (40) to sixty (60) per cent., the thickness must be increased 
by one sixteenth (y^) of an inch : if it exceed by from sixty (GO) 
to eighty (80) per cent., the thickness must be increased by one 
eighth (ji) of an inch. 



Depth of Chord. 


Least Thickness. 


Least Width. 


6" 


\" 


%" 


1" 


i" 


r 


%" 


r 


10" 


9" 


A" 


Hi' 


lO" 


A" 


I2i'' 


12" 


r 


15" 


15" 


r 


i8r 


1 8'' 


r 


224" 


20" 


ft" 


241" 


22" 


ft" 


27" 


2ir 


i" 


29" 
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Stay i>i.t*i. BiKCfl of stay plates are to be tftlten from TMe XXU ot XXni. 

Stay plates on latticed or Iticod compieHnioa mombera ate to bo 

placed as near the piu boles or ends of strut as possible. 

Latticing or lacing must never bo nsod vitlioiit stay plates at 

the ends. 
i*"in> "ii i^-iug Sizes of lattice and lacing bars are to be taken from Tables XX 

and XXI. Lattice bars sball make with eacb otber, as nearly as 

oiroumBtances will permit, angles of ninety (90) degrees, and lacing 

bars angles of sixty (60) degrees. 

The ends of lattice bars and single rivetted lacing bars arc to 

be semi-circular, tbe centre being taken a little outside of the outer 

edge of tbe rivet bole. 
"tl!?DiffrTOt ch^ ^°' attaching plates and Uttico or lacing bars to tbe flanges 

'"''■ of cbanuels the least diameters of tbe rivets to be used are to be 

taken from tbe following table; and the gieatest diameters must 

not e^coced those there given by more than one eighth (H) of an inch. 



Depth of Channels. 


.■ 


i" 


6" 


J" 


1- ," 


... 


,=- 


'S" 


Din, of Eivels, 


i- 


1" 1- 


.V 


r 


H- 


a 


1- 


(i- 



Ghanuels built of plates and angles arc not to be leas than 
eighteen (18) inches in depth, nor have tvebs leas than one half 
(O inoh thioki not Sanges less than three (8) inch by four (4) 
inch angles weighing thirteen (18) pounds per lineal foot, the 
shorter legs to be rivetted to the web. For all built channels there 
ore to be employed, instead of the ordinary latticing or lacing bars, 
pieces of angle iron having dimensions not leas than two (2) inclios 
by three and a quarter (8}) inches by a quarter (i) of an inch or 
weighing four and two tenths (l-j^) pounds per lineal foot, used as 
lacing bars and attached to the flanges of the built channels by 
two-staggered rivets at each end. 

The length of a splice plate is to be determined by the number 
of rivets necessary to transfer the stress from one main member to 
the other : the sum of the working bearing resistances of all tbe 
rivets on either side of the joint must not be less than the stress 
in the main member upon that side. Tho rivets must also bo 
figured for bending. 

When practicable, a splice phite must be placed on each sido 
of every member where a joiut occurs. 

The transmission of compreaaive streases shall be considered 
as entirely through tbe medium of the rivets and connection plates, 
and these must be proportioned accordingly ; so that the area of tli« 
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section of llio two Bplico platoa couiiectiug two channel bars must 
bo at least equal to that of the largci' chauiid. 

Simple reinforcing plates or plutc3 rivetted to woba al iiiii nviii/.nriuB iinH' 
boles in order to compensate for strength lost Iherc, or to proviilo 
additional bearing for the piua must have as luiiny rivets lo tittiich 
tliem to the webs as will give bearing auil bcmliiig rc.sijftancc.i for 
same equivalent to at least the gi-ente.st stresses that can come upon 
the reinforcing plates. 

Cover plates foi- top chords or butter braces aro to have the covfrnnK-i. 
same section as the chord or batter bruce pbttc, the joints m which 
they cover, and enough rivets on each side of every joint lo talse up 
the gFoatetit stress that could ever come upon the cover plate. 

Extension plates on the end of a strut, for the purpose of bing- nM.-ii-icm i-k.i.-. 
ing tlie latter, are to have from the pin holes lo the nearcKt eilgcrf 
of the stay pbites at least twice the eectional area of the slrnt, and 
the thickness must be sufficient to give proper bearing upon the 
pin. The len|.!th of the extension plates is to bc'sucli as to allow 
of the nse of enough rivets to provide the proper bearing and bend- 
ing resisiauces. 

The thicknesses of shoe plates and roller plates for butter ^''.T. 5^"|,';„, "' 
broco channels of the various depths are to be taken from the fob i'i«>''- 
loving table 



Doplh of Chnnnel. 


9" 


ij-Mld IC' 


,,- 


IS" 


itiiilt 
riiannol.-;. 


Tliidmess of Plalo. 


r i- 


■- 


"■ 


11" 



Bed plates at pedestals must be of such dimensions that the 
greatest pressure on the masonry slnitl not exceed two Iiundi-ed 
(200) pounds per sqnare inch, and the thickness is to bo the sanio 
ns tluit of the shoe plato resting thereon. 

Beam banger plates are never to be made less than one (1) i 
inch thick, and their ureas are to be such that the hanger nnts will 
always have a full bearing thereon. 

Rivets in top chord ami butter brace plates shall be spaced ' 
four (4) diameters apart for a distance on eaeh side of evciy joint 
equal to ono and a half (IJ) times the width of the plato, nnd no 
more than five (S) inches elsewhere. 

TJie distance between the edge of iiny plate and the centre of a 
rivet hole must never be less than one and a hnlf (Ijl tiu^os tho 
diameter of the rivet, preferably twice the diameter. 

The diameter of the hole shall never exceed that of liie rivet 
by more ono Bixtccnth ( ,'„) of nn inch. 
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Wlien two or moro thicknesses of plate are rivettetl toj^ether in 
compression members, the outer row of rivets shall not be moro 
than three (8) iliamctois from the bide edge of the plate. 

Bivet holes mutit never be spaced moro than two and a half 
(2^) seldom less than three (8) diameters, nor more than six (G) 
inches from centre to centre. 

All the rivet holes of the respective parts of any structure must 
be made to exactly coincide either by drilhng the holes full size 
through the connecting portions after being put together, or by sub - 
punching the pieces separately and afterwards reaming the com- 
bined rivet holes to proper size. In all cases the burrs must be 
removed by slightly countersinking the edges of the holes. 

All rivets in splice or tension joints are to be systematically 
arranged, so that each half of a tension member or splice plate will 
have the same uncut area on each side of its centre line. 

No rivet is to have a less diameter than the thickness of the 
thickest plate through which it passes, except in the case of thick 
shoe plates where the holes must be drilled. 

The least allowable diameter for a rivet is half (i) an inch. 

liivets must not be used in direct tension. 
Floor Biim^. B.iiit Floor beams, built track stringers and plate girders must bo 

p.A;e Ginitrs. well stiflfeued at the points of support and at intervals about equal 

to the depth of the beam. 

The stiffeners are to be of angle iron and are to be placed in 
pairs on opposite sides of the web. They must extend from the 
upper leg of the upper flange to the lower leg of the lower flange of 
the beam, being made flush with the other legs of the flanges by 
filling plates. 
RiwiM in Fiftiigfca of In spaciug the rivets in the flanges of floor beams, track 

stringers or plate girders, the beam is to be divided into equal por- 
tions of about two (2) feet in length, the stresses in the flanges are 
to be found at the points of division, and there must be enougli 
rivets between any consecutive ])oints of division to take up a stress 
equal to the resultant of the difference of the stresses at the points 
and the greatest vertical load that can come on this length, provid- 
ing that the rivets be not spaced more closely than two and a half 
(2^) diameters. 
Fnnctious of Wcb« lu Calculating the dimensions of a floor beam, iron track 

stringer or plate girder, the web must have suflicient area to take 
up the greatest shear, and the flanges alone must be assumed to 
resist the bending. The intensity of working sheai-ing stress is to 
be two (2) tons. 
Limiting Thieicnosa of No wob for a floor beam, track stringer or plate girder is to 

have a less thickness than three eignths (J) of an inch. 



— 75 — 



Bmriiit; for Tmck 
StriiifTi r4 and Plate 



Webs and flanges of floor beams, track stringers and plate spiicvsiu Floor iknms 
girders must bo well spliced at all joints by a plate on each side of ^^' 
the part spliced. 

There is to be line of track stringers directly under each rail. Tmck stringer «. 

They are to be very firmly attached to the floor beams, and at 
the ends of the span are to rest npon and slide in grooved bed 
X>lates, or some similar detail. 

Track stringers over fifteen feet in length must be braced by 
an angle iron frame or frames placed transversely to the span and 
firmly rivetted to the webs of the parallel stringtTs. Where the 
stringers rest upon the tops of the floor beams, there must be a brac- 
ing frame near each end of each pair of stringers. A similar bracing 
with the frames not more than seven (7) feet apart will suffice for 
plate girder spans not exceeding twenty-five (25) feet, but beyond 
that length there must be provided diagonal bracing of angle iron 
both above and below, the braces making with each other augles of 
about sixty (GO) degrees. There must be also a stout bracing 
frame at each end of the span. 

Plat« girders and built stringers are not to have a depth less 
than one tenth ( ^^^) of the span wherever the headway beneath the 
track will permit the use of such a depth. 

The flange-plates of all girders must be limited in width so as 
not to extend beyond the outer lines of rivets connecting them to 
the angles more than five inches or more than eight times the 
thickness of the first plate. Where two or more plates are used on 
the flanges, they shall either be of equal thickness or shall decrease 
in thickness outward from the angles. 

In welded heads the length of metal behind the pin must be at 
least equal to the diameter of the pin : while in hammered heads, 
tlie amount is to be the same as that above or below the pin. 

The least amount of metal in the heads across the pins is given 
in the following table. 



Uniithi); I><'ptlH if 
liinlcr^dc Stringtr.^. 



FlanfTc Plates of Gir- 
der.*.* 



E^ej*. 







Metal in Head. 


Across Pin. 


Width of B.ir. 


Diameter of Pin. 






Welded. 


Hammered. 




o.8o 


i.$o 


1.50 




1.04 


1.50 


1.50 




IA2 


1.50 


1.55 




1.10 


1.50 


1.56 




1.28 


1.50 


1.60 




1.36 


»-55 


1.72 




>45 


1.60 


1.76 




1.5:) 


1.67 


1.85 




iy»4 


1.67 


^95 




1.77 


1.70 


2.05 




1.90 


1.76 


2.21 



*From the »p«ciilcatioii8 ul Theodore Cooper £»q., C.E. 
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Tin*. 



Pill Bearing. 



Chonl Fnckiiig dtc. 



£-v]iAiHiou rollers. 



Tiirii-l>iiokle< aud 
Blwve-uut.'*. 



Nut). 



Ill loop eyes the distauce of ibe inner point of Uio loop from 
the centre of the pin must be not less tban three times the diameter 
of the pin. 

The loop must fit closely to tbc pin throughout its semi- 
circumference. 

Pin boles in eye bars shall be bored to an exact size and dis- 
tance, and to a true perpendicular to the line of stress; no error in 
the length of bar exceeding one sixty fourth (^^) of an inch will bo 
allowed, nor any variation of more than one sixty -fourth {^) of an 
inch between the centre of the eye and the centre line of the bar. 

Pins are to be proportioned to resist the bending produced in 
them by the bars or struts which they connect. Steel pins are also 
to be proportioned for shear. 

No pin is to have a diameter less than eight tenths {^^) of the 
depth of the deepest bar coupled thereon, nor shall it vary from 
that of the eyes of the bars coupled thereto by more than one fiftieth 
{^\) of an inch. 

The least allowable diameters for pins are two (2) inches for 
those belonging wholly to the lateral systems or sway bracing, and 
two and a half (2^) inches for all other pins. 

All pin holes shall be reinforced by additional material, so as 
not to exceed the permissible pressure on- the bearings. 

Where a pin bears against a reinforced channel bar, the web 
of the latter is not to be assumed to take up any bearing stress, 
unless the reinforcing plate or plates be rivetted to it before the pin 
hole be bored. 

The lower chords are to be packed as closely as possible aud 
in such a manner as to produce the least bending moments upon 
the pins. The various members attached to any pin must be packed 
as closely as possible, and all interior vacant spaces must be filled 
witli wrought iron fillers. 

Expansion rollers are to bo proi>ortioned by the formula 
P = ^^'25 \/ d , wliero p is the working load in tons per lineal 
inch of roller, and d is the diameter of the roller in inches. 

The least allowable diameter for rollers is two. (2) inches. 

The spaces between rollers must never exceed one half (J) of 
tlieir diameter. 

All turn-buckles and sleeve-nuts' must be made so strong that 
they would be able to withstand without rupture the ultimate pull 
of the rods which they connect. U nuts are not to be used in any 
part of a bridge. 

The dimensions of all square and hexagonal nuts for the various 
diameters of rods are to be taken from Chapter XIX. 

Those for the ends of pins, when not subjected to calculable 
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stress may bo made of any convenicut size and as tbiu as half (i) 
an inch. All nuts must Iiave a uniform bearing. 

Cast or wougbt iron washers must be used under the heads and wa^hew. 
nuts of all bolts in timber. Their bearing must be uniform. 

Whenever possible four (4) beam hangers must be used per Beam Hongcw. 
floor beam. The screw ends are to be upset and provided with 
check nuts. 

In designing jaws special care must be taken to make them and Jaws. 
their connections quite as strong as the body of the strut of which 
they form a part. 

Two brackets or knees must be used to connect each over-head Buckets. 
strut to the posts or batter braces. 

They should be made of straight tee, angle or channel iron : if 
made curved, no dependence is to be placed on tlicm for either 
strength or stiflfness. 

When there is no vertical sway bracing, each intermediate 
bracket must be proportioned to resist the compression induced in 
it by the wind pressure concentrated at the windward and leeward 
points of that panel of the top chord to which the bracket belongs ; 
and each portal bracket must be proportioned to resist the com- 
pression induced in it by one half of the total pressure concentrated 
at the panel points of the top chords. 

The flanges at the ends of channel bars must not be cut away, cuttinKoff thcFUugea 

of CluUlUClit. 

if it be practicable to avoid doing so ; if not, there must be sufficient 
reinforcing used to make the strut as strong as it would have been 
with the flanges uncut. 

The arrangement of the parts of the floor system proper, viz. TicA,siiiuw and Guoni 
the ties, shims and guard rails with their connections must be as 
described in Chapter V. Ties must bear evenly upon their supports 
without the aid of filling pieces. 

Finally as regards the proportioning of any structure, if cases Detail* not previously 

mentioned. 

should occur, which are not covered by the precedmg specifications, 
the following rule must in all such cases be adhered to : ** Details 
must always be proportioned so as to resist every direct and indirect 
stress, that may ever come upon them under any probable circum- 
stances, without subjecting any portion of their material to a stress 
greater than the legitimate corresponding working stress.*' 

At each approach of every bridge there must be provided some R<'-n«iH"»r and Ditch- 

*• *• ** ° *■ ing Apimratiti--. 

arrangement to either return to the track or ditch derailed cars or 
locomotives. 

No cast iron is to be used anywhere, except as washers for ca^Ht iron. 
timber bolts. 

Field rivetting must be done with tlie button sett : the heads of Field Rivcttini?. 
the rivets must be hemispherical, and no rough edges must be left. 
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Maiinfaetiiriiig Liuiit- 



Wurkmaiuliil».* 



Paiutiiig.* 



The amount of field rivctting must be reduced to a minimum. 

In punching plate or other iron, the diaxueter of the die shall in 
no case exceed the diameter of the punch by more than ^ of au 
inch, and all holes must be clean cuts "without torn or ragged edges. 

All rivet-holes must be so accurately spaced and punched that 
when the several parts forming one member are assembled together, 
a rivet ^s inch less in diameter than the hole can be entered, hot, 
into any hole, without reaming or straining the iron by ** drifts." 

The rivets when driven must completely fill the holes. 

The rivet-heads must be hemispherical and of a uniform size 
for the same sized rivets throughout the work. They must be full 
and neatly made, and be concentric to the rivet- hole, and thoroughly 
pinch the connected pieces together. 

Wherever possible, all rivets must be machine driven. 

The several pieces forming one built member must fit closely 
togethtr, and when riveted sliall be free from twists, bends, or open 
joints. 

All joints in riveted work, whether in tension or compression 
members, must be fully spliced, as no reliance will be placed upon 
abutting joints. The abutthig* ends, however, must be dressed 
straight and true so that there shall bo no open jomts. 

All workmanship shall be first-class in every particular. 

Abutting joints in truss bridges shall be in exact contact 
throughout. 

Bars which are to be placed side by side in the structure, shall 
bo bored at the same temperature and of such equal length tliat upon 
beuig piled on each other the pins shall pass through the holes at 
both ends without driving. 

Whenever necessary for the protection of the thread, provision 
shall be made for the use of pilot nuts in erection. 

All iron work before leaving tlic shop shall be thoroughly clean- 
ed from all loose scale and rust, and be given one good coating of 
pure boiled linseed oil, well worked into all joints and open spaces. 

In riveted work the surfaces coming in contact shall each be 
painted before being riveted together. Bottoms of bed-plates, bear- 
ing-plates, and any parts which are not accessible for painting after 
erection shall have two coats of paint ; the paint shall be a good 
quality of iron ore paint subject to approval of Chief Engineer. 

After the structure is erected, the iron work shall be thoroughly 
and evenly painted with two additional coats of paint, mixed with 
pure linseed oil, of such color as may bo directed, the tension 
members being, however, generally of lighter color than the 
compression members. 



* From the specificatious of Theodore Cooper Esq., G.£. 
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Pins, bored pin-holos, and turned fi-iclion rollers shall be coated 
with white lead and tallow before being shipped from the shop. 

All wrought iron must bo tough, fibrous, and uniform in Qimiity of MuUrini/ 
character. It shall have a limit of elasticity of not less than 2C,000 
pounds per square inch. 

Finished bars must be thoroughly welded during the rolling, 
and bo free from injurious seams, blisters, buckles, cinder spots, or 
imperfect edges. 

For all tension members double rolled bars must be used. They 
shall stand the following tests : 

Full sized pieces of flat, round, or square iron, not over 4 J 
inches in sectional area, shall have an ultimate strength of 50,000 
pounds per square inch, and stretch 12i per cent, in their whole 
length. 

Bars of a larger sectional area than 4^ square inches, when 
tested in the usual way, will be allowed a reduction of 1,000 pounds 
per square inch for each additional square inch of section, down to a 
minimum of 46,000 poimds per square inch. 

When tested in specimens of uniform sectional area of at least 
i square inch for a distance of 10 inches, taken from tension memb- 
ers which have been rolled to a section not more than 4^ square 
inches, the iron shall show an ultimate sti*ength of 52,000 pounds 
per square inch, and stretch 18 per cent, in a distance of 8 inches. 

Specimens taken from bars of a larger cross section than 4J^ 
inches will be allowed a reduction of 500 pounds for each additional 
square inch of section, down to a minimum of 50,000 pounds. 

The same sized specimens taken from Angle and other shaped 
iron shall have an ultimate strength of 50,000 pounds per square 
inch, and elongate 15 per cent, in 8 inches. 

The same sized specimens taken from Plates less than 24 inches 
in width shall have an ultimate strength of 48,000 pounds, and 
elongate 15 per cent, in 8 inches. 

The same sized specimens taken from plates exceeding 24 inches 
in widtli shall have an ultimate strength of 46,000 pounds, and 
elongate 10 per cent. 

All iron for tension members must bend cold, for about 90 
degrees, to a curve whose diameter is not over twice the thickness 
of the piece, without cracking. At least one sample in three must 
bend 180 degrees to this curve without cracking. When nicked on 
one side, and bent by a blow from a sledge, the fracture must be 
nearly all fibrous, showing but few crystalline specks. 

Specimens from angle, plate and shaped iron must stand bend- 

• From the specifications of Theodore Cooper. Esq., C.E. 
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ing cold throngli 90 degrees, mid to a curve whose diameter is not 
over three times its thickuess, without cracking. 

When iiickcd or bent, its fracture must be mostly fibrous. 

Bivets and pins shall be made from the best double-refined iron. 

The oast iron must be of the best quality of soft gray iron. 

All timber is to be of the best quality, free from wind shakes, 
large knots, decayed wood, sap: or any other defect that would 
impau: its strength or durability. 
Te^t of stnictupe. Bcforo the final acceptance of any bridge and after it has been 

in constant use for one day, it may be tested by passing over it the 
specified train or trains or their equivalent at a speed not exceeding 
thirty (80) miles per hour, and bringing thein to a stop at any 
point by means of the air brakes or any brakes ; or by resting tho 
maximum train load upon the structure for twelve (12) hours. After 
such tests the structure must return to its original x)osition without 
showing any permanent change in any of its parts. 



CHAPTER VII. 



LIVE AND DEAD LOADS. WIND PRESSURE. 



By making inquiries of a nnmber of railway oflScials the antlior has ascertained 
that the heaviest engine used in Japan weighs about thirty-three English tons. It 
is a tank cnguic about twenty-eight feet long and rests upon three pairs of wheels, 
which support the weight nearly equally, and whoso axles are very nearly the same 
distance apart. 

It is the opinion of all the officials consulted that this is about os heavy an 

engine as will ever be put upon the present Japanese roads, or upon any future roads 

built according to the same general design. 

On this account the author has assumed the engine specified in the beginning of 

the last chapter as a standard for proportioning bridges. Its weight is thirty seven 

and a half American tons or about thirty three and a half English tons, so it is a 

trifle heavier than any engine in use in Japan. Such an engine carries its own coal 

and water, so is not followed by a tender. The engines with tenders are so much 

lighter than the tank engines that the combined weights of the former exceed thattf 

the latter by only two or three tons, and are distributed over forty-two feet instead 

of twenty-eight, so that it is unnecessary to consider the effect upon bridges of the 

combined engine and tender loads. 

It is unusual in this country, although quite common in America to couple two 
engines at the heail of a tiain, nevertlieless such an arrangement docs occur here 
occasionally, so it has been adopted in this treatise ; because bridges should bo 
proportioned for the greatest loads that can ever come upon them. 

In regard to car loads the information obtained shows that the freight cars 
when loaded bring the greatest loads upon the track, and that a loaded car weighs 
no more than eight tons twelve hundred weight or 19,261 pounds. The length of 
car from buffer to buffer is eighteen feet, making the greatest load per lineal foot 
1070 pounds. 

Now as cars are sometimes overloaded, although it is very bad for the springs 
and against the rules of the railroad, the author has thought it best to assume a car 
load of 1200 pounds per lineal foot for spans under one hundred and fifiy feet in 
length, and to reduce it gradually to 1060 pounds for spans of three hundred feet. 

The reason why such a re luction is peruaissible is because the chance of a long 
span ever being covered from end to end by the maximum load is very small, while 
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for short spans it is not at all improbable. Another reason is that as the length of 
span increases the ratio of doiul loavl to total load increases anil consequently the 
injurious effect of impact relatively (l<;creases. This reiluclion, of course, does not 
affect the stresses on the floor system and hip verticals, which are proportioned for 
the assumed engine loads. 

The table of equivalent uniformly distributed hve loads given in the last chapter 
will be found to save much labour : althutigh not perfectly accurate it is correct 
enough for all practical purposes. The table which follows it gives the percentages 
by which these equivalent loads are to be increased to resist the shock of rapidly 
passing engines. The percentages agree fairly well with the results of experiments 
upon the vibrations of bridges under passing loads. Tlio two tables can bo combined 
into the following, which is the one to be used in calculating stresses. 



Span. 


Uuif. load. 
5250 pounds. 


Span. 
1 5' and 


34' 


Unif. load. 


12' to 


1?/ 


4080 pounds. 


1 1/ and 


ao' 


5'25 


// 


3 5' and 


^v 


?927 


2 1 ' and 


22' 


5 coo 


'/ 


57' and 


3^'' 


5776 


2 ^' and 


24' 


4875 


// 


59', 40' and 


4i' 


5596 


2 5' and 


26' 


4712 


'/ 


42', 45' and 


44' 


5470 


2'/ anp 


28' 


4551 


// 


43', 46' and 


47' 


5248 


Hf' and 


io' 


4)9^ 


// 


48', 49' and 


S^ 


3080 


31' and 


$2' 


4255 


// 


51' to 


to 


2916 * 



The engine excess for one truss of a single track bridge is found by subtracting 
from the total weight of engine tlie product of the length of engine by the assumed 
car load per lineal foot and dividing the remainder by two ; making the various engine 
excesses to be used as given in the following table. 



Carlx>ad. 



1 200* per ft 



Engine Excess. 



ii5o« per ft. 



10.35 tons. 



10.7 tons 



iioc^ per ft 



11.05 tons. 



105c* per ft. 



11.4 tons. 



For double track bridges the engine excesses arc, of course, twice as great as tho 
above. 

When the panel length is eighteen feet or over the engine excesses of tho two 
coupled locomotives are assumed to be concentrated upon consecutive panel points, 
but for shorter panels there is supposed to lie between them a panel point without 
engine excess. Of course this division does not represent the actual distribution of 
the loading, iiDvertheless it is convenient and gives a small error on the side of safety. 
In double intersection trusses greater web stresses are found by assuming a car to bo 
placed l»etween the two engines, thus bringing both excesses upon the same system 
of posts and diagonals, so this arrangement was adopted when calculating the nreb 
stresses for Table IV. 

Accurate values for tho dead loads of single track bridges are given in Table I. 
The column for dead load is obtained by adding together the weiglits of iron per 
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lineal foot in ike trusses, floor system and lateral systems, the weight of lamber per 
lineal foot and that of the rails, and subtracting from the sum 82 pounds to allow 
for tiie weights of those portions which rest upon the masonry, and which do not 
affeel the stresses in the trusses. This allowance has been checked for several 
spans of various lengths, and has been found to be almost constant for all lengths of 
•pttii. 

By doubling the dead loads of Table I can be found approximate values for the 
dead loads of double track bridges. Although this method would be a rather rough 
approximation in calculating the weight of iron tor a double track bridge from that 
of a single track bridge, still it will be found so accurate, as far as dead load is 
concerned, as not to necessitate a re-calculation of stresses. This is as one might 
anticipate; for the truss weights are almost directly proportional to the total loads, 
except when the change is so slight as to cause no alteration in the depth of the top 
chord and batter brace channels ; the weights of the lateral systems, though not 
twice as great, are considerably greater in double than in single track bridges; for, 
although the total areas opposed to wind pressure are only slightly gi*cater in the 
former than in the latter, yet all the members arc longer, and those subjected to 
compression are consequently of larger sectional area ; and the weights of the floor 
system are more than doubled ; for those of all the members except the floor beams 
are doubled, while those of the latter are increased both by reason of their length and 
by the doubled loads thereon. The author has tested an actual case, and has found 
that both the weight of iron and the dead load are almost exactly twice as great in a 
double as in a single track bridge of the same span and live load per track. 

From actual measurements of a number of cars the average area per lineal foot 
of train exposed to wind pressure has been found to be about eight square feet. The 
assumed wind pressure of thirty pounds per square foot on the train agrees with that 
of the best American practice : moreover it is as high as economical reasons will 
allow, for it would probably overturn any ordinary train, as the following calculations 
will show. 

Let P = pressure per lineal foot of train 

h =^ height of centre of pressure above rails 

d = distance between centre lines of rails 
and W= weight of car per foot which will just resist the over turning 
moment 

2P/i 
then Ph = \Wd and F = -5- 

Tiie value of h is about seven feet, that of d exactly 8.7 feet and th:\t of p two 
hundred and forty pounds. 
Consequently W = 2x2^0x7^^, ^^g pounds. 

€).7 

As the greatest allowable car load per foot is only 1070 pounds, it is highly 
improbable that the average load would reach nme hundred pounds, so that a pres- 
sure of thirty pounds per square foot in upsetting a train on a bridge would destroy 



— 84 — 

Ihe siractare in any ca£e, for bridges are not proportioned to resist the blows of 
derailed trains. 

It is trae that higher pressures than thirty pounds are sometimes recorded, bnt 
they extend over very limited areas : on this account the empty bridges are propor- 
tioned to resist from fifty to forty pounds per square foot according to the length of 
span. G. Shaler Smith Esq. 0. E., one of the highest American authorities upon 
bridge building, proportions all his bridges under two hundred feet span to resist a 
pressure of fifty pounds per square foot, and considers that thirty pounds upon the 
loiuled bridge will be large enough for all greater spans. 

But as the upper lateral systems of through bridges and the lower lateral sys- 
tems of deck bridges are not affected by the wind pressure upon the train, tlie author 
considers that empty spans from 200 to 250 feet in length should be proportioned 
for forty-five pounds per square foot, and all greater spans for forty pounds. 

In reaUty these figures have not been exactly adhered to in making the designs 
for this treatise, because the author has considered it better to reduce the intensities 
of wind pressure gradually than to change them suddenly by decrements of five 
pounds per square foot. 

Theodore Cooper Esq. G. E., the author of the best American bridge specifica- 
tions, provides for a wind pressure of 150 pounds per lineal foot for upper lateral 
bracing in through bridges and lower lateral bracing in deck bridges. This is a 
rather small allowance for a country visited annually by typhoons. In preparing 
Table XIII the author used 150 pounds for spans of 100 feet and under, from that 
to 200 pounds for spans between 100 and 200 feet and from 200 to 240 pounds for 
spans from 200 to 800 feet as the pressures per hneal foot for upper lateral bracing. 
The pressures per lineal foot on trusses only for the lower lateral systems were calcu- 
lated to be from 290 pounds for spans of 100 feet to 820 pounds for those of 800 feet 
for empty bridges ; and from 170 pounds for spans of 100 feet to 210 pounds for 
those of 800 feet for bridges covered by the moving load. 

The pressures per Imeal foot upon the upper lateral systems with an intensity of 
thirty pounds are about 90 pounds for spans of 100 feet and under, from 90 to 180 
pounds for spans between 100 and 200 feet, and from 180 to 180 pounds for spans 
between 200 and 800 feet. 

The method of calculating these pressures was fully explained in the last chapter. 
A portion of the leeward truss is protected by the train, but no deduction should bo 
made on this account, because the surfaces of the channels, being concave towards 
the wind, tend to increase the intenmty of pressure : indeed it is well in figuring 
areas to allow an inch or two of extra width to compensate for this concavity. lu 
this particular system of bridges the effect of wind pressure on bottom chord tension 
need not be considered in spans under one hundred and thirty feet in length. 

Wind loads upon empty bridges are treated as moving, for it is possible for one 
part of a bridge to be protected while the remainder is exposed ; besides the centre of 
a whirlwind has a motion of translation which would cause the pressure to really act 
as a movmg load. This method of treatment affects principally the lateral rods and 
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struts near the middle of the span. The pressure ui>on the train is undoubtedly a 
moring load, but the coexisting pressure upon the trusses must be treated as static ; 
for it would be highly improbable that a maximum wind and a train could advance 
together and with the same velocity upon a bridge. 



CHAPTER Vm. 



STRESSES IN TRDSSES. 



The causes of stresses in trusses are the following ; 

1* uniform live load 

2* dead load 

8* engine excess 

4* wind pressure directly 

6* wind pressure indirectly 

6* curvature of track 

The uniform live load and engine excess produce tension in the bottom chords, 
main diagonals and counters, and compression in the top chords posts and batter 
braces. 

The dead load affects similarly the chords, posts and main diagonals, but does 
not affect the counters, or rather it tends to diminish the stresses on the counters. 
The direct stresses due to wind pressure are compression on upper and lower wind- 
ward chords, and tension on upper and lower leeward chords. 

The indirect stresses due to wind pressure are equivalent to those produced by 
increasing the dead load on the leeward truss : they will be called " transferred load 
stresses.*' The wind also relieves the dead load on the windward truss : the stresses 
due to the difference between the dead load on this truss and the reduction will be 
called *' reduced dead load stresses.*' 

The curvature of the track produces a centrifugal force which acts only on either 
the lower or upper chords, according to whether the bridge be through or deck : it 
affects alfio the corresponding lateral system, and the vertical sway bracing of deck 
bridges. The combination of all these stresses is a Uttle complicated, especially as 
the direct and indirect stresses due to wind pressure may be subdivided into the two 
cases, first when the bridge is empty, and second when it is partially or wholly 
covered by the moving load. The following table will facilitate the comprehension 
of the effects of the various loads upon the different members, T standing for tension 
and G for compression. 
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To properly apply this table one mast distinguish between a probable ot ordi* 
nary combination and an improbable or extraordinary combination of stresses ; and 
most recc^nize which stresses may and which stresses must exist together. There 
are two distinct conditions, first when the bridge is empty, and second when it is 
wholly or partially covered by the moving load. 

Dbtinction must be made between the stresses in certain members of deck 
bridges and those in the corresponding members of through or pony truss bridges. 

Again any particular member may receive its greatest stress when it belongs to 
the windward or to the leeward truss. Keeping these facts in view let us analyze the 
table. 

First when the bridge is empty we are concerned with the horizontal lines 
numbered 2, 4, 6» 8, and 12 ; and, when it is loaded, with the lines 1, 2, 8, 5, 7, 9, 
10 or 11 and 12. 

Commencing with the top chord, first when the bridge is empty, we have 2*, 
4,* 6* and 8* acting but the latter is a combination of 2* and G* so need not be 
considered. We see that for both windward and leeward chords there are both C 
aud T or — G acting simultaneously, for 4* and 6* cannot act independently. On 
this account and because the effect of 1* and 8* is so great we conclude that the top 
chord stresses when the bridge is empty need not be considered. 

When the bridge is loaded 1*, 2*, 8*, 5*, 7* and 0* act in through or pony truss 
bridges and for deck bridges 11* may also act. In deck bridges 5* has a much greater 
effect than in through or pony truss bridges, for it then includes the wind pressure 
upon the train. 

As before 0* may be omitted as it is a combination of 2* and 7* : this leaves for 
through and pony truss bridges 1*, 2* and 8* as the ordinary loading and 1*, 2*, S\ 
6* and 7* as the extraordinary loading. In the latter it will be noticed that for both 
windward and leeward chords we have both G and T or — acting simultaneously ; 
for 5* and 7* must act together. On this account and because of the great effect of 
1* and 8' compared with 5*, it is evident that 1*, 2* and 8* are the loading to be 
considered. 

In general as will have been noticed in reading chapter YI, extraordinary loads 
need not be considered unless their effects exceed those of ordinary loads by about 
fifty per cent. 

In deck bridges it may be possible, though it is not probable, that the combined 
effect of 1% 2*, 8*, 5' and T may be so much greater than that of 1*, 2* and 8* that 
the method of proportioning given in chapter YI will have to be adopted. If there 
be curvature in the track 11* will always exist with both T, 2* and 8*, and with 1*, 
2*, 8*, 5* and 7*. Its effect may be considered as an increment of that of 1* and 8* 
in proportioning by the method of ehapt. YI, but it is to be noticed that it need 
increase the sectional area of the chord on the concave side of the track only. In 
ir it is seen that the effect may be either G or T, but G must be taken, as the wind 
may act in either direction and consequently both with and against the centrifugal 
force. 
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Aithongli the oentrifugdl force really reduces the stress on one chord, it should 
not be assumed so to do ; for the trams do not necessarily pass over the bridge at 
their maximum velocity. 

Passing to the bottom chord we may conclude at once both from the table and 
from our general knowledge of bridges, that in through and pony truss bridges the 
stresses will be greatest when the bridge is loaded. When, however, the bridge is 
empty we have acting upon the windward chord 2*, 4* and 6*, or what is the same 
thing 4* and 8*, the former producing C and the latter T ; and as in most cases for 
the bridges dealt with in this treatise the former exceeds the latter, the bottom 
chords should be proportioned to resist a compression of C4 — T», the subscripts 
denoting the horizontal line to which the stresses belong. 

When the bridge is loaded, 1\ 2% 8* and perhaps lO"" act together as an ordi- 
nary load while 1*, 2*, B% 5", 7* and perhaps 10* act together as an extraordinary 
load. Where the latter exceeds the former by more than fifty per cent, the chords 
should be proportioned to resist the stresses produced by the second loading using 
an intensity of working stress of 7. 5 tons, but otherwise the stresses due to the first 
loading are to be taken, using an intensity of working stress of 5 tons. 

It must be noticed that Tio affects the sizes of the chord sections on the con- 
vex side of the track only, and that, although given as either C or T, T must bo 
taken, as the wind acts in either direction. 

In deck bridges 11* cannot act, and as the effect of 5* is small compared with 
thai of 1* and 8', the loading to be considered is that of 1% 2* and 8*. For the empty 
bridge G4 is not quite so hable to exceed Tg as in the case of through or pony truss 
bridges, because tlie wind load carried by the lower lateral system is less. 

Pausing to the posts we may conclude immediately that they take their greatest 
stresses when the bridge is partially loaded, in which case 1', 2% 8* give the or^juary 
and 1*, 2*, 8*, 7* and 12* the extraordinary loadings. Except in the case of very 
light posts the latter loading need not be considered ; but when it is, the post must 
be proportioned as directed in Chapter YI« 

Passing to the main diagonals we have 1*, 2* and 8* as the ordinary loading, 
and 1*, 2*, 8* and V as the extraordinary loading. It te self evident that the latter 
need not be considered. 

The same remark applies to. the counters and hip verticals. 

Finally passing to the batter braces we may inmiediately conclude that the 
stresses existing when the bridge is empty need not be considered, hence the ordin- 
ary loading will be for through bridges, pony truss bridges and deck bridges with 
straight track 1*, 2* and 8*, and the extraordinary loadmg 1*, 2*, 8*, 7' and 12% It 
is highly improbable that the latter loading need ever be considered. For deck 
bridges with curved track the ordinary loading will be 1', 2*, 8* and 12*, the bending 
being produced by the centrirugal force; and the extraordinary loading 1*, 2*, 8*, 7* 
and 12*, the bending being produced by wind pressure and centrifugal force acting 
together. As before, the ordinary load is the one usually to be provided for ; if not, 
the proportioning must be done as directed in Chapter YI. 
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To recapitulate ; in tlirongh and pony truss bridges the top chords must be 
proportioned to rosist the uuiform Hvc load, dead load and engine excess stresses, 
and in deck bridges to resist either the same, together with cuinrature stresses, if 
any, or the combined hve load, dead load, engine excess, wind and, if necessary, cur- 
vature stresses. The bottom chords for through and pony truss bridges are to be 
proportioned to resist a compression equal to the difference between the wind stresses 
and the reduced dead load stresses when the bridge is empty ; also either the live 
load, dead load engine excess and, if necessary, curvature stresses, or a combination 
of the same with the wind load tension. 

The bottom chords for deck bridges have to resist a compression equal to tlie 
difference between the wind stresses and the dead load stresses when the bridge is 
empty, and a tension duo to the live load, dead load and engine excessi 

Posts are to be proportioned to resist either the live load, dead load and engine 
excess stresses, or these combined with the transferred load and bending stresses, the 
latter being produced by a wind pressure of thirty pounds per square foot. 

Main diagonals, counters and hip verticals have to resist the live load, dead 
load and engine excess stresses ; and batter braces either the three last mentioned 
for through and pony truss bridges, or the same combined with bending stresses due 
to curvature for deck bridges ; and a combination of live load, dead load, engine 
excess, transferred load and bending stresses for either through or deck bridges, the 
bending being due to the wind pressure al6ne in through bridges or to either the wind 
pressure alone or the combined wind pressure and centrifugal force in deck bridges. 

As is customary in figuring stresses, uniformly distributed loads will be consi- 
dered as concentrated at the panel points, and the half panel load at each end of the 
span is not supposed to produce any stress in any member of the truss. 

In order to facilitate tlie calculation of stresses, the following nomendatnte will 
be adopted. 

n = number of panels in span. 

I = length of each panel. 

d =2 depth of truss from centre to centre of chords. 

b s=s perpendicular distance between central planes of trusses. 

d =3 inclination of diagonal ties to the vertical.in single intersection 
trusses. 

a = inclination of ishort diagonals to the vertical in doable intersec- 
tion trusses. 

= inclination of long diagonals to the vertical in doable intersec- 
tion trusses. 

0' = the angle whose tangent is -j. 

W=s live panel load on one truss (i. c. one half the product of the 

uniform live load per lineal foot by the panel length). 
Wi = panel dead load on one truss. 
W = that portion of Wi concentrated at the upper panel point; 
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)F^=s\wind pressure concentrated at a windward and leeward panel 

point when the bridge is empty. 
W^ss wind pressure concentrated at a windward and leeward panel 

: point when the bridge ^ loaded. 
W4 = load transferred from windward panel point to leeward panel 

* point, when the bridge is empty. - • 

TFjra load transferred (torn windward panel point to leeward panel 

point, when the bridge is loaded. 
W^ =<yri— 1^4= reduced panel dead load on windward truss, when 

the bridge is empty. 
1^7= panel load due to centrifugal force produced by cars: this is 
» for convenience supposed to be equally divided between the 
panel points of opposite trusses, although this method may 
produce a small increase of stress upon the lateral struts 
above those which will actually exist. 
E = panel engine excess on one truss. 

El =a panel load due to centrifugal force produced by engine excess : 
it is concentrated as is TF7. 
The first step in calculating stresses is to fill out one of the following 
tables of data 



Single Interwction. 


Doable Intersection Even 
NniulKT of PuncU. 


Double Intorsection Odd 
Number of Panels, 


» — 


n = 




n = 


I = . 


I = 


• 


I = 


d= , 


d = 




d = 


b = 


b = 


' 


h = 


(liag. = 


short diag. = 


short diag. ^= 


sec. = 


long diag. = 


long diag. = 


tan. tf = 


sec. a 


'== 


sec. a = 


tan.tf' = 


tan. a 


•i 


tan. Q = 


W = 


sec. JB 


va- 


sec. 13 = 


JF,= 


tan. 6' 


st: 


tan: e^ = 


TF' = 


W 


■=: 


W = 


W"= 


W. 


— 


W, — 


W,= 


W 


=s 


W = 


W,= 


W" 


= 


W' = 


TF,= 


w. 


= 


W, = 


IF.= 


w. 


• 


w, = 


w,= 


w. 


=r 


W, = 


W7- 


w. 


=: 


w, = 


E = 


w. 


= 


w, - 
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n 

2 

n 

IT, sec. 6 



4 W sec. ^= J-jPsa i.ir = 



TF"tan. tf = IFi sec. a 

i ir"tan. ^ = 4 TF,8ec. a 



2 



n 



i W, sec. tf = -i^ IF Bee. a = i^i — 

™ i IP sec. a 

^E = -i W SCO. ^ «= 4 '^isec. a 

■^ 75 sec. ^ = Wjsec. ^ = IjF sec. ^ 

^ i IP.sec. ^ = 1 w /, 

^Etan.tf= IT tan. a = u '^'isec. ^ 

IF,tan. (?'= ^ IF" tan. « = i IF'tan. a 



IFjtan. ^= » » -^ = 

i IFjtan. ^ = ^Enee. a ^ L e sec. e = 

IF/an. ^ = 1 E. o V 

ilF/an.<?= -»^8ec.^= lEsec.ff^ 

*w!"r xw'!"^ ^.t-^= 

IF.tan. ^=r i IF,tan.tf'= w ♦.„ «/- 

iIF.tan.(?= IF,tan.(?'= Wf!!Tl 

IF,tan. <?'= i IF,tan.(?' = ^\**°- J " 

i IF,tan. <?'= IF,tan.(? = !L*, I " 

1 , «7i /» IF, tan. tf = 

i-E,tan.(?'= i^«an.<?= IF,tan..<>' = 

IF,tan.tf = ^ . »ix, I, 

J IF.tan.tf = IT -E tan. «' = 

IF.tan.tf = 
i IF,tan.tf = 

IF,tan.tf'= 
i IF,tan.^' = 

i JSitan.tf' = 

^ The value of TF, may be taken as i TFi for throngh bridges, i Wi for pony truss 
bridges and } Wi for deck bridges : in short throngh spans this causes a small error 
on the side of safety, and in short deck spans a correspondingly small error on the 
side of danger. For the latter it might be well to make W' = ^ Wi 

Having filled out the table of data, the next step is to draw a skeleton diagram 
large euoagh to contaiu all the stresses and sections. It is not necessary that the 
diagram be drawn to scale ; but the ratio of panel length to depth of trues on the 
diagram, for the sake of appearance, should not vary too greatly from the ratio of 
the actual values of these dimensions. A panel length of an inch and a half, and a 
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depth of two inches and a half, are about as small dimensions as will be found con- 
venient. 

At each lower panel point write lightly in pencil, so that it can be after- 
wards erased, the number of the panel point, beginning with zero at the right-hand 
end of the span^ 

It is well known, and will be accepted here without proof, that the greatest 

stresses in tlio chords and batter braces occur when the bridge is entirely covered by 

the moving load ; that the greatest stress in any diagonal exists when the Uve load 

extends to its foot from that end of the bridge towards which tlie diagonal points in a 

(hicnward direotion ; that the greatest stress in any post in through and pony truss 

bridges occurs when the main diagonal (or, if there be none, when the heaviest 

counter) attached to its upper end (or in deck bridges when that attached to its lower 

end) receives its greatest stress ; and that the two diagonals of a panel cannot at the 

same time be subjected to the same kind of stress, excepting, of course, the initial 
tension. 

It is apparent that when the greatest stresses in all the diagonals sloping upward 
in one direction, and in all the posts and chord panels on one side of the central 
plane, are found, the greatest stresses in the diagonals sloping in the opposite direc- 
tion, and in the posts and chord panels oa tlie other side of the central plane, can be 
immediately written. This fact is so well known, that, in making a diagram of 
stresses, it is usual to write the stresses on only one-half of the members of the 

truss. 

Eirai let as investigate the stresses due to the uniform live load and the dead 

load, and begin with a single-intersection through or pony truss bridge. 

The greatest stress in any diagonal sloping upward from right to left can be 

found by the formula 

« 

where n' is the number of the panel point at the foot of the diagonal. This formula 
is applicable to counters as well as to main diagonals. If the stress should come 
out negative, it shows that no counter is needed in the panel considered. It is also 
appiiciible to the batter brace by putting (n — I) for u'. 
The stress in any post can be found by the formula. 

where n' (not less than f) is the number at the foot of the post. 

The stress in any panel of the top chord is given by the formuU 

C = ^i^iiplfT" tan 0. 

where n' (not greater than f) is the number at the end of the panel nearest to the 
eentre of the bridge. 

The stress in any panel of the bottom chord, except the one at the end of the 
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span, is giTon by the formola 

n' having the same valae as in the last formula. For the end panel, the stress is 
the same as for the second panel. 

As the valaes of -i: , i^ sec Ot ^i^d W\ sec tf , are given in the table of data, tiie 

n n 

snbstitation in these formulas is a very simple matter. 

The stress in the hip verticals of any through or pony truss is equal to ono 
half of the floor beam load including its own weight plus the weight of a panel 
length of the lower chord. It is not necessary to calculate tliis stress for single 
track bridges, as the sections required for and sizes of hip verticals for all practical 
cases are given in Table YII. 

In deck bridges the hip verticals sustain only the weight of a panel length of 
the bottom chord and lower lateral system so that two one inch rods will bo suffi- 
cient. 

The only other difference between the stresses in a deck bridge and those in a 
corresponding through bridge will be in the posts, the stresses for which are to be 
found by letting the live load extend from the farthest end of the bridge to the top 
of the post ; so that the post will no longer take its greatest stress with the main 
diagonal attached to its top, but with the one attached to its foot. 

The formula for post stresses in single-intersection deck bridges is, therefore, 

Some engineers may object to using formulas for figuring stresses : if so, the 
following method will give the sivme results for single-intersection bridges. 

Pass a vertical plane through the middle point of the bottom chord : all the dead 
loads to the right of this plane may be considered to go to the right-hand pier, and 
all to the left of the plane to the loft-hand pier. Should there be a post at the mid- 
dle of the bridge, the weight at the foot is to be considered as halved, one-half going 

* In " The Designing of Ordinary Iron Highway Bridges " this fortnhla is giyen as 

C , » (n'-l) + inf^ ^ ^^ 

This was obtained under the supposition that the load fF on top of the post passes down the post 
before being separated into the portions which go to the right and left, bat the author has como 
to the conclusion that the portion, which passes to the farther end of the span, goes down the 
main diagonals as compression or in reality as a reduction of tension. The error in the last for- 
mula is upon the side of safety and varies between zero and -— : moreover its greatest effect is 
upon the posts at and near the middle of the span, which posts in many cases have necessarily 
greater sections than the stresses call for. 

Besides the load comes more quickly upon the posts of dock bridges than upon those of 
through bridges, so some engineers might prefer to use the less correct' formula. 
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to each piei^. Then tlie stress in any main diagonal of the left-hand half of the 
bridge is to be found by commencing at the fight-hand end, and adding the nnmbors 
at the panel points until the foot of the diagonal considered is reached, multiplying 

the sum by ^ W see 0, and to the product adding the number of panel dead loads 

between the central plane and the panel point at the foot of the diagonal considered 
(including the one at this point) multiplied by Wi sec ff. 

For instance, in a ten-panel bridge, the stress in the end main diagonal, the 
number at its foot being eight, will be 

(l+2.f3+etc:. .. +8)^^^^^-^+{\ + l + l + l)n\sece. 

The stress in a counter on the right-hand half of the bridge will bo found by 
adding the numbers at the panel points until the foot of tho counter considered is 
reached, multiplying the sum by ~ W sec ^, and from the product subtracting tho 
dead-load, stress of the main diagonal which crosses the counter. Thus, in the ten- 
piinel bridge, the stress in the second counter from tbe ceuti*e in the right-hand half 
of the spans, or the one at tiie foot of the third panel point, is 

The greatest stress in any post of a through or pony truss bridge is found by 
adding TP to the vertical coniponent of the greatest stress in the main diagonal 
attached to its upper end, or ^ IF + W' in case of a deck bridge, thus in the as- 
sumed bridge, which may be taken as a through one, the stress in tho first post 
from the left-hand end, or the one at the eighth panel point, is 

(1+2 + 3-1- etc. .;.+ 7)^+(i+l + l) W^+ W 

For the case of a middle post, the stress in one of the counters at the upper 
end most bo substituted for that of the main diagonal ; thus, in the same bridge, 
the stress in the middle post is 

(1 + 2 + 3 + 4)^- J »Fi+ IT. 

• • WW * * 

The stresses in the chords are to be found by the following method : — * 
Pass a plane through the foot of the post at or nearest to the middle of the 
trass, and take the centre of moments at this foot. From the moment of the re- 
action at the nearest end of the bridge subtract the sum of the moments of the 
pwd loads (TPO ^7^S between the centre of moments and this end, and divide the 
diiferenoe by the depth of the truss. ' The result will be the stress in the panel of the 
top chord nearest the centre of tho bridge: it will be some multiple of W^^ tan ff. 

^ - The stress in the panel of the bottom chord immediately below will be equal to 
the one found, less the htoisontal component of the main diagonal of the panel, when 



the bridga ia eoTered by the moving load. This boiisoatal cocnponeut will be zero 
for ft tinM with ui odd uamber of paoeU, uid i W ' t»n tot * trass with tn even 
munber of panels. 

The stress in the next pauel of the bottom chord towards the Decreet end of 
the bridge is found by sabtrMting from the one already determiued the horixontal 
component of the stress in the main HagoHal at the panel point between tbe two 
panels considered ; the bridge, as before, being folly loaded. This eompouent is a 
multiple of W" tan ff. In this way oan be foand all the stresBes in the panels of tbe 
bottom chord, the correctness of the work being checked by seemg if tbe stress in 
the end panel be eqnal to the re-action mallipUed by tan B. If so, the remaining 
Dpper-chord stresses may be at once written by inspection ; for the stress in the fith 
panel of the top chord, coanting from the nearest pier or abntment, and supplying 
tbe missing panel at the eo'l, is nnmerically equal to that in the (n 4- l)th panel 
of tbe bottom chord. 

Next let ns consider the Jonble-intersection truss. 

The formulas for this case nre bo complicated that it ia better not V) employ 
them. Tlie simplest method is to draw a skeleton diagram, and number the piinel 
points, as in the siugle-iuteraectiou truss. Tlie doable -intersecUon trass really con- 
sists of two trusses, as may bo seen in the accompanying diagram. 
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Snah a division is necessary in order to calculate the chord stresses v^en tli4 
truss contains an odd number of panels. This is accomplished by finding by the 
method of moments already explained, the chord streBses in each of the trusses shown 
in Figs. 2 and 8, and then combining them. Thus the stress in panel 9-10 of the 
lower chord in Fig. 1 is equal to that in panel 9-tl of Fig. 2, plua that of panel 8-10 
of Fig. 8. 

The live-load stress in any diagonal sloping upward from right to left ia found 
by noting whether the number at its foot be odd or even, then taking the snof 
of the odd or even numbers, from one or two up to the number at the foot of 
the diagonal, and multiplying the sum by ir seo a, or ir see ^, as the case m^ be. 

The stress due to the dead load is found by taking the sum of tbe same numb- 
ers, and from it subtraoting the sum of the odd or even numbers. from one or two np 
to (n — n' — 2), where n ia the number of panels in tbe span, and n' ia tbe number 
at the foot of the diagonal eonsidered. Whether the odd or eveu ntunlieni ihoald be 
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taken can be ascertained by following out towards the loft the system to which the 
diagonal belongs : if the system contain the short diagonal at that end, then the 
even numbers are to be taken, otherwise the odd ones. 

The difference thus foimd, multiplied by JZlJ^, or KJ^, as the case 

may be, will give the dead-load stress in the diagonal. Thus, in the diagram, the 
dead-load stress in the main diagonal at the panel point 10 is 

[(2+1+ etc. + 10)-.(l + 3)]^?i^ 

As in the case of the single hitcrsection, the stress in a main diagonal is equal 
to the sum of the live and dead load stresses ; that in a counter, to the difference 
between its live-load stress and the dead-load stress of the main diagonal crossing it 
at the middle of its Icngtli ; tliat in a post of a through or pony truss bridge, by the 
sum of IP and the vortical component of the greatest stress in the main diagonal 
(or, if there be none, that in the principal counter) attached to its upper entl. As 
the batter braces belong to both systems of triangulation, their stresses are the sum 
of the stresses found by each system, or by the formula 

(W^W\) sec XI 
C7=[l + 2 + 3 + etc.... + (u-l)] ^'^+7; 

* 

If the number of panels be even, the calculation for the dead-load stresses may 
bo much simplified by counting the number of panel points on the system considered 
lying between the central plane and the panel point at the foot of the diagoniil, 
including the latter, rcmemberuig that the load at the middle panel is halved, and 
multiplying the result by Wi sec a> or Wi sec J3. 

The finding of the chord stresses is also simplified when there is an even number 
of panels ; for they can then be calculated by the method explained for the single- 
intersection truss. 

To find tlie stress in a post of a double-intersection deck-bridge add together. 
fi W, W and the vertical component of the greatest stress hi the principal diagonal 
attached to its upper end. 

The stresses in hip verticals are found in the same manner as in single-mter- 
section trusses. 

In every double-intersection truss, there is necessarily a little ambiguity ; for it 
is possible that the whole of the load concentrated at the first p uiel point does not 
travel by the system of odd numbers ; but this ambiguity is a matter of small moment. 
Next let us investigate the stresses duo to engine excess. In every case it is 
better to assume the worst possible distribution of the loads in calculating the 
stresses produced thereby. Thus m tlie double intersection truss the greatest effect 
upon the web members is found by placing a cir between the two locomotives, while 
that upon the top chords usually requires the locomotives to be coupled together. 
Ai^ain, in both single and double intersection trusses the greatest chord stresses are 
obtained by placing cars in front of ami behind the locomotives. 
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It may appoar to somo readers that the effect of the en^ino excesf? on the chordR 
is exaggerafed, in that th? worst position is clioson, hut it umst he remembered tliat 
engines are occasional!}' prcco.lcd andfollowcl by cars : this may not occur often in 
Japan, but it is not unusual in America. 

The greatest stresses in the top chords exist when the leading engine excess is 
at that end of the panel considers 1 lying nearest the centre of the span. The stress 
is given by the equation 

for single intersection trusses where the panel lengtli is not less than eighteen feet, 
or by the equation 

C = 2 (;/-!) (;i-;t')^\an^ 

when the p mel length is less than eighteen feet. For double intersection trusses 
the formula is 

C=[/t'(n-n') + (;t'-l)(,i-.n'4.1)] ^tana 

nf (never less than J) being the number of the panel point whore the loading engine 
excess rests. This List formula fails to give the greatest stress in the first panel 
of the top c'lord of double intersection trusses, when the number of panels exceeds 
eleven, but as the error is a very small one on the side of danger, and as there are 
seldom more than clovou panels, the fcn'mula m ly bo taken as correct enough for 
all cases. The reason for the existence of the error is that in double intersection 
trusses having more than eleven panels, the end length of the top chord takes its 
greatest stress when the engine excesses are separated by one panel point. 

Wliere the number of panels is odd the engine excess stress in the middle 
panel of the top chord is the same as tliat in the consecutive panels, found by mak- 
ing H^ = -jr- in the formula. 

The stress in the first and second panels of the bottom chord in either single or 
double intersection trusses is given by the formula 

r= (2/i-.:3) - tan [or tan a] 

except for the case of single intersection trusses with panels less than eighteen feet 
in length when it is given by 

r = 2 (/t-.2) '-tnn 

In single intersection trusses, where the panel length is not less than eighteen 
feot, the stress in any other panel of the bottom chord is given by the equation 

T={2 n' - 1) ( H-H')^tan 
and whore it is less than eighteen feet, by the equation 

7'= 2(/i'«l) («-«') ^ tan 
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where «' (greater than j ) is tlie number at that end of the panel considered lying 
next to the nearer end of the span; for the bottom chord in these cases takes its 
greatest stress when the leading engine excess is at that end of tlie panel considered 
farthest from the centre of the span. 

The last formula fails for the case of a middle panel, when the number of 
X^Knels is odd! In this case the stress is given by the formula 



T =(i^'- . ) ->n . 



In double- intersection trusses the stress in any other panel of the bottom chord 
than the first or second is given by the equation 

r=2(n'— 1 )(•;« — n')-^ tan a 

where «' (not less than J + 1) is as before the number at the end of the panel 
farthest from the zero end of the span. This limitation excludes the calculating by 
this foimnla of the stress in the middle panel of evei^y truss having an odd 
nnmber of panels ; but such a calcidation is unnecessary, for the greatest engine ex- 
cess stress in the middle panel is equal to that in the next consecutive panel. From 
this formula it is apparent that all the panels of the bottom chord, excepting the 
first and second from the ends, take their greatest stresses when the engine excesses 
arc separated by a panel point. It was seen that such is rarely the case with the 
top chord panels. 

The engine excess stress in any main diagonal or counter of a single intersec 
tion truss, in which the panel length is not less than eighteen feet, is given by tlie 
equation 

r=(2n'- i)^8ec (?; 
and, if the panel length be less than eighteen feet, it is given by the equation 

r = 2(H'~l)^'8ec (? 
For double intersection trusses the cori*esponding formula is 

T = 2 ( n'- 1 ) - sec a, (or sec ) 

rv 

For single intersection through or pony truss bridges where the panel length is not 
less than eighteen feet, the engine excess stress on any post is given by the 
formula 

and, where the panels are less than eighteen feet, it is given by the formula 

C = 2 (h'~ 2)- 
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For duublu iiitcriicctiou tnisscs the formula is 

6'=2(m'-3)- 
For deck bridgcti the corroupoudiug formultc arc respectively 

C= (2h'- 1) - 

C= 2(«'- 1) - 
and 6'=2(h'- 1) - 

m 

It scorns almost needless to say that the cugine excess, being merely a couveutional 
load, sbould not bo used in finding stresses in hip verticals; but that the metbod 
previously given takes into account tbe panel engine toad though not the engine 
excrsH, The use of all the previous formula) may always be avoided by employing 
Tables III and IV, ^Ylnch give the greatest stresses due to the uniform live load, 
the dead load and the engine excesses on the various members of trusses for all 
practical cases. 



The wind stress on any windward panel of either top or bottom chord when the 
span is empty is given by the equation 

C= — --,, — - H-tanC' 
and that on any leeward panel by the ecjuation 

where ?*' ( not less than J ) is the number at that end of the panel considered which 
lies nearest the centre of the span. The corresponding wind stresses when the span 
is covered by tho moving load can be found by substituting If g for W^ in the last two 
equations. It is obvious that these equations apply to through, pony truss and deck 
bridges. Their use may be avoided by employing Table V, which gives the wind 
and curvature stresses for all practical cases. 

To ascertain the amount of the transferred load when the bridge is empty. 
Let A = vertical distance between horizontal plane of shoe plates aud the 

centre of gravity of the vertical projection of the trusses 
and ;) = total wind pressure per lineal foot of bridge on both trusses. 
Then the ovcituniing moment will be ;* //, which is a couple formed by a pres- 
sure p and an equal horizontal reaction ^^ , where P is the total horizontal reaction 
of the the four shoes and S the length of span. This must be resisted by another 
couple of equal but opposite moment. The forces of tliis couple can only be a 
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relousod weight tr^ upon the wiudward truss ami an increased weight of the same 
amoimt upon the leeward truss , which will give the equation 

p h = 7(\ b 

ph 

or «•, = -j;- 

An approximate value for the overturning moment can be found by calling //' the 
pressure per Uneal foot of span concentrated upon the upper lateral system, then 

j>' d = tc^ h 
and W4 =— 

The latter value of Wi is not so exact as the former, but is much more easily 
calculated. 

The transferred panel load W4 is of course equal to ir^ /, and the reduced panel 
oad n% = IF, - n\ = IF^ - tr4 1 

The following table gives approximate values for tr^ for the single track t}u*ough 
bridges of this treatise 



Span 


1 
W4 


Span 


VTA 


Span 

220* 


VJA 


7c' 


160 


1 6c 


290 


440 


8o' 


180 


i7c' S. I. 


JCXD 


230* 


460 


9C 


210 j 


ijcD.I. 


340 


24cy 


480 


IOC 


250 


iSc s. r 


320 


25c 


500 


lie 


240 


18c' D.I. 


560 


260' 


520 


IlC 


250 


igc S. I. 


340 


27c' 


540 


IJC' 


260 


19CD.I. 


380 


28c/ 


560 


140/ 


270 ' 


aoc 


4CX) 


29c' 


580 


150' 


280 1 


210' 


420 


300* 


600 



The value of tr^ , the transferred load per lineal foot of span, may be calculated 
as follows. 

The wind pressure of 240 pounds per lineal foot acts with a leverage of about 
eight feet, producuig an overturning moment of 8 x 210 a 1920 foot pounds. If in 
the equation 

pfd 

wo substitute tfs for tr4 and p'f (the pressure per Uneal foot of span upon the upper 
lateral system, when the wind pressure is thirty pounds per square foot) for ;/, and 
add 1920 foot pounds to the moment, we will have 



M'js = 



pffd + 1920 



From this equation has been prepared the following table. 
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Span 
70' 


240 


Span 
160' 


.5^ 1 


Span 


"^5 


2-20' 


410 


8c^ 


250 


170'S. 1. 


310 , 


23.' 


440 


90-^ 


260 


17c' D.I. 


550 


240' 


470 


IOC/ 


270 


1 80^ S. I. 


3 -20 ; 


250' 


480 


lie' 


275 


180' D.I. 


1 
340 


260' 


500 


I2C' 


280 


190' S. I. 


530 ; 


270^ 


5»5 


15c' 


285 


1 I9<^^'D.I. 


350 


280' 


550 


I4G' 


290 


2CC' 


370 


290' 


545 


15c/ 


295 


i 210' 


390 [ 


300' 


$60 



It may be noticed that these vahies of irg do not ap:i-ee exactly in all cases with 
those used in preparing the diagrams of stresses which accompany this treatise. 
Both values are merely approxunate, but those in the table are preferable. 

The reason for the disagreement is that the area per lineal foot of span opposed 
to the wind had first to be assumed and afterwards checked. As the disagreement 
varies from zero to only seven per cent of the transferred load, and as the latter ia 
but a small portion of the total load, it is not worth wliile to correct the diagrams of 
stresses. 

The formulae for the stresses due to W5 and W^ are identical with those for 
IF,: they can either be obtained from the previous part of this chapter, or from one 
of Tables III and IV. 

To calculate the values of W^ and /I'l 

let V = maximum velocity of train in feet per second 
g = acceleration of gravity 
r = radius of the curve 

W 

t(? = -y = live load per foot of span 

and ir7= — = centrifugal force per lineal foot duo to car load 



ir 



then Wj = — . — 

g r 

For sixty miles per hour v ts 88 ; and g = 82.2, therefore 

w (88)2 ,p 

from which it is evident that, in order to make the centrifugal force hove the samo 
effect as the live load, the radius of the curve must bo 240 feet. Generally it is not 
much less than 1,000 feet, consequently the centrifugal force seldom produces stres- 
ses one fourth as great as those due to the live load. In a similar manner we can 
establish the equation 

E, = 240 — 
* r 

The formulae for the stresses due to TF, are identical with those due to W^ and 

1^3. 

The formula for the concave side chord stresses due to E^ when the panel length 

is not loss than eighteen foiet is 
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(1= (2n'-l)Cn-n')— ' tan 0' 

where »*' (not less than S) is the number at that end of the panel eonsiderocl nearest 
the middle of the span. 

When the panel length is less than eighteen feet the formnhi is 

0=^2 (h'-1) (n-.n')^l'? tan d' 

When there is an odd number of panels the stress in the middle panel is the 
same as that in the next consecutive panel. 

The formula for thC convex side chord stress duo to T^i, when the panel length 
is not less than eighteen feet is 

T= (2 n'-l)(/i-H')-^' tan ^' 

i 

where «' (gi-oater than ^) is the number at that end of the panel considered fin*thm 
from the middle of the span. For a middle panel, when the number of panels is 
odd, the stress is the^same as for the next consecutive panel. 

If the panel length be less than eighteen feet, the formula is 



r= 2(n'-l)(»-7i')^* tan fl' 



This being inapphcable to the case of a middle panel, when the number of panels 
is odd, the following fovmula is to be there used 



T^(<^-v)!^^.e' 



As before stated these stresses due to curvature can be found for all practical 

cases by consulting Table V, . 

To recapitulate : the following are the steps to bo taken in calculating the 

stresses in the trusses by means of the tables. 

1*. Make table of data. 

2*. Find live and dead load stresses, 

8*. Find curvature stresses upon one chord, if any, 

4*. Find wind stresses on windward bottom chord with empty bridge. 

5*. Find reduced dead load and the corresponding lower chord stresses, when 
bridge is empty. 

G*, Determine whether the bottom chord will require to be stiffened ; and, if so, 
what stresses it will have to resist. 

7*. Find wind stresses on windward top chord of deck bridge, or on leeward 
bottom chord of through bridge, when the span is covered by the moving load. 

8% Find diminution of stresses on windward top chord of deck bridge, or incre- 
ment of stresses on leeward bottom chord of through bridge due to load transferred 
by a wind pressure of thirty pounds per square foot on trusses and train. 

O-'. Combine the stresses found by 2* and 8*. 
lO*. Combine the fi tresses found by 2", 8*, 7' and 8*. 



CHAPTER IX. 



STRESSES IN LATERAL SYSTEMS AND SWAY BRACING, 



Without making any material error the wind pressure, for the purpose of sim- 
plifying oalculatiou, may be considered as equally distributed between the two sides 
of the bridge, altliongh the windward side does receive the larger share. 

When the bridge is empty, the stress in any latex*al rod can be found by the 
formula 

and that in any strut except those at the ends of the lower lateral system by the 
formula 

Cf^ >^'i"'-^) + '^ W. [Eq.2.],* 

where W is the sum of the pressures at a windward and leeward panel point, ft the 
number of panels in the wind bracing counting in the two lacking at the ends of tho 
upper lateral bracing in through bridges, n' ( not less than ^ ) the number at the 
leeward end of the rod or at eitlier end of the strut, the panel points being marked 
as directed in the last chapter, and g the angle that the rods make with the struts. 
When the moving load is upon the bridge the stress in any lower lateral rod of 
a through or pony truss span or in any upper lateral rod of a deck span can be found 
by tho formula 

y ^jjY!^ IL^ + („,_ 'i=ll)fF. sec 0. \Eq. 3] 

and that in any corresponding lateral stryt, except tliose at the ends of the lower 
lateral system and any strut at tlie middle of the span, by the formula 

C ^^^Li^!l=P±^ W+ („'- '1)JF.. [Eq.4] 

* This formula is not exact, aud, on acconnt of the ambigaity in the division of wind load 
between windward and leeward panel points, it would be difllcalt to make it so. It gives in every 
case a stress greater than that which oonid ever come upon the strut. The error is never very 
large, is greatest for the light struts near the C3utre of tho span, and reduces to nearly zero for 
the heavier struts near tho end of the span. The same remark applies to Eq. 4 of this chapter. 
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For a middle strut in a span with au even uumber of panels tho formula is 

where W is tlio pressure on the train which is concentrate! at one panel point or 
240 times the panel length in feet divided hy 2000, TFj is the panel pressure upon 
the lower half of the trusses and the floor system, calculated for a wind pressure of 
thirty pounds per square foot, and tho other quantities have the same values as 
before. 

When the span is empty the stress in the lower lateral strut at the free end of 
a span is given by the following formula 

(7.=l^ W, + 'l:zlw,-^ (G-2G,). [Eq. 5] 

where Wa and TT* are the panel wind loads (both windward and leeward) for the 
lower and upper systems respectively, I is the length of span, G the de.\d load per 
lineal foot of bridge and Gi the released load per lineal foot under the assumed 
maximum wind pressure. 

When the span is covered by the moving load the stress in the same member is 
given by 

4 4 Id 

where fF^ is the total panel load (both windward and leeward) for the lower system 
i. e. the sum of the fixed and moving panel loads, ]V^t the panel load (both wind- 
ward and leeward) for the upper system at thirty pounds pressure per square foot, 
I the length of span, G' the sum of the assumed hve and dead loads per lineal f jot 
(the engine excess is not considered) and Gi the released load per lineal foot under 
a pressure of thirty pounds per square foot on trusses and train. 

The stresses in Eqs. 1 and 8 are to be increased for initial tension as directed 
in chapter YI, or, what amounts to tho same thing, these stresses arc to be used 
and the sizes of the rods determined by Table YI : and the stresses in Eqs. 2, 4, 5 and 
6 are to be increased by the sum of the components in tlie direction of the strut of 
the initial tensions in all the lateral and vibration rods meeting at the windward end 
of the strut. 

If the track upon the bridge be curved, the stresses upon that lateral system, 
which resists the centrifugal force, are to be found by adding to tho value of W in 
Eqs, 8. and 4. the value of Wj from the last chapter, and by combining these 
stresses with those due to the centrifugal force of the engine excess as calculated 
by the following formulae 

r = 2(n'-l) -^sec 6^ 



n 



C = 2(n'-1) -' 



* 



and (7i» = 2(w-2) 



El 

n 
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or 



El 



and 



T=. (2n'-l) -^aec 
G= C2n'-1) § * 



n 



(2«-3) |! 



fll-1 



where n' (not less than -r") is the number at the leeward end of the member oon- 
siilered, and E\ has the same value as in the last chapter. The first group of 
equations is to be used when the panel length is less than eighteen feet, and the 
second group for all other cases. As before CSi represents the stress in the lower 
lateral strut at the free end of the span. These stresses for all practical cases are 
given in Table V. 

The method of calculating the stresses in the vertical sway bracing is as fol- 
lows : the part relating to single track bridges is essentially the same as given by 
Prof. Wm H. Burr in his treatise on ** Stresses in Bridge and Roof Trusses " The 
loads assumed, unless otherwise stated, are tliose obtained under a maximum wind 
pressure upon the empty bridge. 

In Fig. 1 let P be the pressure concentrated at the upper panel point on one 
side of the bridge : it is that which comes upon a panel length of top chord, one 
half the area of the diagonals meeting at the panel point when the truss is single 
intersection or one fourth of said area when the truss is double intersection, and the 
portion of the post above the plane A B. LetP' be the pressure concentrated at one 
end of the intermediate strut J E: it is that 
which comes upon one half of the post or the 
portion between the planes A B and C D, 
the latter being half way between J K and 
E F ; also, in double intersection bridges, 
that which comes upon one half the area of 
the main diagonals and counters coupled at 
K, which point would then be midway bet- 
ween H and F. 

The pressures concentrated at the feet o' 
the posts do not affect the vertical sway bra- 
cing, so are not considered. 

Let rf, /, b and Q reprksent the measure* 
ments indicated in Eig. 1 

The total pressure 2 (P + P') = H is assu- ^ g ^ 

med to be equally resisted by the feet of the »-^H ^»-^ ^hC 

posts : this assumption is probably as correct as any other that can be made. 

Taking the centre of moments at E, the moment of the pressure is 
2 P (i + 2 P' {d—fj 

* Theso stresses are figured as if the loads J^i were concentrated on the chord nearest the 
coucave side of the track. This assamption was made so as to provide for the worst poBsible dis* 
tribation, because the exact method of dinsiou is unknown. 
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which can bo resisted ouly by the moment of a released weight V npon the foot F, 
thus 2 P d + 2 Pf {d--:f) = Vb 

and jr^^HP + P')-^l-/ 



This released weight must pass up the vibration rod KG, causing a tension 
therein, represented by 

^ ^ 2 (/ ( P + V) — 2Pff 

K sec 5 = ^ ^ ^— . sec e , 

which stress must be increased for initial tension. 

To find the stress on the strut JK pass a plane through the bracing cutting OH, 
OE and JK (HJ not being strained), take the centre of moments at O, and consider 
the forces acting on the leeward side of the truss, then the moi!neut of the stress in 
JK will balance the moments of P' and i H, thus 

\Hd — P[f _ d 



(^JK) = ^""^. '' ^JL(p+p)^pi 



to which must be added the horizontal component of the initial tension in JH. 
( JK) represents the stress in JK. 

The stress in OH is found by considering it a part of the upper lateral system 
and not to belong to the vortical sway bracing. But if it be supposed to belong to 
the latter, its stress may be found by passing a plane as before, taking the centre of 
moments at K, and considoriiig only the forces acting at the leeward side of the 
truss, so that the moment of the stress in OH will balance the moments of the 
horizontal reaction at E and the pressure at O, the moment of the increase of weight 
at E balancing the moment of tlie increase of vertical reaction at that point ; thus 

or equal to the stress in JK. 

The bending moment on the post, if the lower end be considered free, would bo 

^H{d-f) = iP+P) {d-f) 

but as the foot of the post is rigidly attached to the floor beam, it may bo considered 
as fixed. Comparing these two conditions of the portion of the post between the 
foot and the intermediate strut, we see that they are similar to those of one half of a 
beam loaded at the middle, first with the ends supported and second with the ends 
fixed. It is well known that the bending moment in the latter case is only one hfilf 
of that in the former, so we may conclude that the bending moment to be provided 
for is 

If HI be the distance between centres of gravity of post channels, the stress on one 
channel produced by the bending will be 

^-^ 2^J 
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The released weight Ton the windward post passes down the leeward post, producing 
a stress equal to J on each channel and making the total wind stress on one channel 

It is only for light posts that this stress need be considered, because when it is to bo 
combined witli the live and dead load stresses both (7 and V must be calculated for a 
pressure of only thirty pounds per square foot. The method of providing for this 
wind stress is clearly indicated in Chapter VI. 

All the formulae for vertical sway bracing, except that for the stress in GET, may 
be made applicable to the portal bracing by putting for d the length of the batter 
brace, for/ the perpendicular distance between centre hues of upper and lower portal 
strutd, for 7^' the pressure on one half of the batter brace and for P one fourth of the 
sum of all the pressures concentrated at windward and leeward panel points of the 
upper lateral system. 

If Pe be the pressure concentrated at the leeward ^hip, the stress on the upper 
portal strut will be given by the formula 

= -^{P+P)—P+P^Pe 

It must not be forgotten that the stresses on all portal yibration rods must be increased 
for initial tension or the rods be proportioned by using Table YI, and that the stress 
on each portal strut is to be increased by the sum of the components in the 
direction of the length of the strut of the initial tensions in all the rods meeting at 
one of its ends. 

In the case of a deck bridge with a curved track thereon, the centrifugal force 
of the greatest panel load will afifect the vertical sway bracing in the same manner 
as does the wind pressure; so for P must be put P '\-\(}Vi 4- E\ ), the last two 
quantities having the same signification as in Chapter YIU. 

The portal bracing will also be affected by the centrifugal force of the whole 
train, so for P must be put one half of the greatest reaction at one end of the span, 
due to the combined wind pressure affecting the upper lateral system, and the cen- 
trifugal force of the whole train, or 



2n 

and for Pt one half of a panel loading of wind pressure, centrifugal force of car load and 
centrifugal force of engine excess or i (TF3 4- TF7 + -fi^i ) 

When there is no verticul sway-bracing, stiffness is obtained by the use of 
knee braces or brackets A6, CD, Fig 2, making angles of forty-five degrees with the 
vertical. 

Let the notation be as shown in Fig. 2., F being as before the relief of weight 
at F. P in this case is the sum of the pressures at H and O. Taking the centre 
of moments at E gives. 
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Vb = Pd and V =■. 



Pd 



Again taking the centre of moments 
at A gives the value of the bending mo- 
ment if on the strut at that point, thus 

M=V{b''8)^^Pd = ^^ (6-2«) 

Let h =s the distance between centres 
of gravity of the two channels of which 
the upper lateral strut is composed, then 
the bending stress will be 



01^ ^' "* 



•t 




FIQ .2. 



B 



■iP»v— '^ 



The intensity of the working bending stress being six tons, the number of square 
inches to be added to the area of each channel in order to resist the bending will be 






6 

The stress in A B is found by taking the centre of moments at O, and making 
the moment of its stress i? equal to the moment of the horizontal reaction at E, thus 

and B = — Vi = 0.707 — 

S 8 

The bending moment to be provided for in the post, considering it fixed at its 
foot will be 

and the coftesponding stresa on one channel will be given by the equation 

4 m 
where m has the same value as in the last case. 

As before to make these formulae appUcable to a portal, make d equal to the 
length of the batter brace and P equal to one half of the sum of the pressures con- 
centrated at all the panel points of the upper lateral system. 

When only one track of a double track bridge is covered by the moving load, 
according to the law of the lever, one truss receives more load than the other. Now 
if the two trusses could act independently this distribution would hold while the load 
covered the track ; but if the two trusses were connected by perfectly inelastic ver- 
tical sway bracing they would have to deflect equally, which could only occur when 
the loads on each truss were equal, so that a portion of the load equal to the dif- 
ference between the greater division by the law of the lever and one half of the whole 
load would have to be transferred by the vortical sway bracing. In reoUty neither 
of these conditions will exist, the true condition lying between the two ; for the trus- 
ses do not act independently as if there were no vertical sway bracing, and the latter 
is far from being perfectly inelastic. ' 
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What the actual transferred load is it is impossible to say, but it will be mak- 
ing an error on the side of safety if it be assumed that the load is equally divided 
between the trusses ; any extra iron that may be thereby used in the vertical sway 
bracing will be well employed, for it will be in a good place to resist vibration. 

Under this assumption let us investigate 
the stresses in the bracing. Let the nota- 
tion be as in Fig. 8, R and T^ being the reac- 
tions due to the weight TV, distributed ac- 
cording to the law of the lever, so that 



R = W 



2a -h b 
2(a4-^) 



Let O be the weight transferred by the brac- 
ing, then 



b) 




The stress in the vibration rod is therefore 

J — U sec <? _ 2(a+6) 
The stress in J E is foand by passing a phine to cut 6 H, J K and J H, sup- 
posing that the only weight acting is s^Tt ^^ ^> ^^^ taking the centre of moments 
at H. This gives 

Again taking the centre of moments at J and using the same cutting plane we find 
the stress in G H to be zero ; for the moment of the increase of weight at F is 
balanced by the moment of the increase of reaction at that point, making the resul- 
tant moment of the external forces zero, and the stresses in J H and J E, having no 
lever arms, their moments are zero, consequently the moment of the stress in Q H 
is zero and the stress itself zero. 

To find the bending effect upon the post at K let us pass a plane cutting E F 
and J E, and take the centre of moments at E, then 

If /i be the distance between centres of gravity of post channels and an intensity 
of four tons be employed the area of om channel necessary to resist this bending 
will be 

II _ Wa 
4/t "" 4/i 






But as this effect does not exist at the same time as the maximum load stress 
upon the post H F, it need be considered only when the post is very light. 
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To asoerlam whether il needs oonsideraiion, find the stress on the post with one 
train only npon the bridge, reaching from the most remote end of the span to the 
foot of the post considered, and nnder the supposition of an equal distribution of the 
train load between the trusses ; then proportion the post to resist this stress accord- 
ing to the method to be explained in Chapter XI, and to one half the section thus 
found add the yalue of A in the last equation. If the sum exceed the area of one of the 
post channels required to resist the maximum live and dead load stresses when both 
tracks are partially covered by the assumed moving loads, then the post section is to 
be increased accordingly. 

The vibration rods should be propoitioned to resist the transferred load stress 
using an intensity of five tons, or to resist the sum of the transferred load stress and 
the wind stress under thirty pounds pressure, using an intensity of seven and a half 
tons. If the former give the greater section, then the strut should be proportioned 
to resist the transferred load stress using the intensity given in Table YIII, but, if not, 
it should be proportioned to resist the sum of the transferred load stress and the 
wind stress under thirty pounds pressure using the intensity given in Table IX. It 
must not be forgotton that the effect of initial tension is to be allowed for in propor- 
tioning both vibration rods and intermediate struts. 

In double track bridges without vertical sway bracing the trusses will probably 
act nearly independently, but of this one cannot be certain, so it may be well to 
calculate the formula for the bending effect on the upper lateral struts due to the 
transferred load under the assumption of equal distribution between trusses, and 
apply it to a practical case. 

Let the notation be the same as in Fig. 8., but let s have the same significa- 
tion as in Fig. 2., then the bending moment upon the strut will be 

If the distance between centres of gravity of strut channels be h and the intensity 
of working compressive stress be six tons, the area required for one channel to 
resist bending will be 

M _ Wa [2{a + b) — 8] 
'^~ Qh ~ 12A(a + 6) 

Let us take the case of a 20' panel and assume a + b = 12, h = 1, and « x=s 7, we 
will then have the following data 

W = 21.2 
a = 4.8 
6 c= 7.2 
h = 1.0 
and 8 r= 7.0 

which substituted above gives 

- 21.2 X 4.8 X 17 io • u 
12 X 12 ^ square inches, 
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corresponding to a 10 pound channel, which is far greater than would ever be used 
in practice. Uenoe we may conclude that it will be necessary to assume that the 
trusses deflect independently in all cases where their depth is not great enough to 
permit of the use of vertical sway bracing. 

It might be well however to increase the sectional area of the upper lateral 
struts in order to resist the racking effect which the vibration of passing loads pro- 
duces in these members. It is difficult to say what the amount of increase should 
be, but the author considers that if six inch channels weighing eight or ten pounds 
per lineal foot and spaced ten or twelve inches apart be employed, the struts will be 
strong enough. 

It is obvious that no unequal distribution of moving load can affect the portal 
bracing, for the loads at the feot of the batter braces rest directly upon the founda- 
tions, and those at the first panel points produce an inconsiderable shortening 
of the batter braces. 



CHAPTER X. 



RIVETTING. 



The subject of Jrivetiing is one which seldom, if ever, receives its dao amonnt 
of attention from biidge designers. 

Many structures otherwise very strong are extremely weak in detail, owing to 
the insufficient number of rivets employed in the Connections, and to their improper 
arrangement. 

The principal rules for rivetting have been given in Chapter VI. 

Rivets should be proportioned for bending and bearing pressure, i. e« for any 
given connection the number of rivets necessary to resist properly each of these 
stresses should be determined, and the greater number chosen. 

Table XVII gives the working bending moments and bearing pressures for rivets 
in trusses and floor systems. It can be used for lateral systems also by making a pro- 
per redaction in the calculated stress : this will be exemplified iu Chapter XYIII. 

In this table the first two horizontal lines containing vulgar fractions and 
decimals give the widths of bearings, and the other horizontal lines in the portion 
relating to bearing give the working bearing stresses for rivets of different diameters. 
The rest of the table needs no explanatipn. 

The diameters for rivets iu railroad bridges vary from half an inch to an inch, 
bat by far the larger number are from three quarters to seven eighths. 

When two plates are rivetted together, the rivets, being driven when hot, 
contract or tend to contract in length when cooled, thus drawing the plates together 
and producing a friction which it is necessary to overcome before shear can come 
npon the rivets. Whether this friction will continue "indefinitely is doubtful, for 
rivets occasionally become loosened when the structure is subjected to oft repeated 
loads ; so it is not legitimate to depend upon the friction iu order to reduce the 
number of rivets. Perhaps it is on account of this factor that rivets are seldom, 
if ever, proportioned to resist the bending moments that come upon them, notwith- 
standing the fact that it is this last consideration which in most cases should 
determine the number to be employed. 

It will probably have been noticed by the reader that slioarinn: stress npon rivets 
has been entirely omitted from consideration. The author would hesitate before 
making the broad assertion that rivets cannot shear, although it is probable that 
bending is the stress which ruptures rivets that are generally considered sdeareh: 
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this much though he will state as the result of both theoretical investigation and 
many practical cases of designiDg, that when rivets are iiroportioned for bending they 
will have wore than sufficient strength to resist shear. Sharp edges on rivet holes will 
certainly cut the rivets, hut this is not shear proper ; and it may bo possible that 
there is a certain kind cf fixedness about a well driven rivet, which will make the 
bending moment less than its calculated value, but this fixedness is obtained by 
a high initial tension, which increases tlie stress on the tension side of the rivet 
subjected to bending. As this initial tension cannot be measured or calculated, it is 
safer to assume no reduction of bending moment on account of its existence* 

Countersinking is a term used to denote the sinking of rivet heads into the 
plate so as to make them flush with its surface. The least allowable depth for the 
countersinking is a quarter of an inch, and Uie least thickness of plate used for this 
purpose should be three eighths of an inch : for rivets over three quarters of an inch 
in diameter these dimensions should be increased by an eighth of an inch. Bivets 
may be countersunk at one or both ends* 

Making parallel rows of rivets staggered avoids unnecessary weakening of tUe 
parts rivetted together. 

There has been much discussion as to whether punched or drilled holes aro 
preferable, the general conclusion being that drilled holes weaken the x>laie8 1688, 
and, when slightly countersunk do not increase the shear upon the rivets; but thai 
punched holes are so much more economical as regards shop work that, when properly 
made, they are preferable to drilled ones. The improvements made of late years in 
rivetting machines have increased the efficiency of work with punched rivet holes^ 

Should for any reason it ever be necessary in bridge designing to put a rivet 
through a plate whose thickness is greater than the diameter of the rivet, the rlrefc 
hole should be drilled. Machine rivetting is preferable to hand rivetting, but thero 
aro cases when the latter has to be employed. Field rivetting is always inferior to 
shop rivetting, so should be avoided as much as possible in making designs. Whea 
a stress is transmitted from one plate through one or more plates to another plate, 
the number of rivets must be increased. The rule given )>y Dr. Weyraueh is that 
** for every single shear connection the indirect force transferrence requires for m 
intermediate plates m +1 times as many rivets as for direct transferrenoe "• 
Keeping this in view the designer will avoid using more than one flange plate in 

floor beams or more than one plate for covering the channels of top chords* 



CHAPTER XI. 

PROPORTIONING OF MAIN MEMBERS OF TRUSSES, 
LATERAL SYSTEMS, AND SWAY BRACING. 



. Having found all tbe stresses in the main members of the truss and in those of 
ilie lateral systems and sway bracing, and having written tbem alongside the res< 
pective members in the diagrams, the next step is to calculate the sections required. 
The diagrams for the lateral systems and sway bracing may be roughly drawn in 
pencil; for they need not be preserved, as the sizes of the members are to be written 
on the truss diagram. 

For the tension members of the trusses, the sections required can be found by 
dividing the stresses on the diagram by the proper intensities of working-stress, as 
given in Chapter YI, remembering that the intensities for main diagonals are to 
bo interpolated. When found* the required areas for the sections should be written 
on the diagram, after the stresses, prefixing them with the letters S. B. ( section 
required ), as shown on plate XV. It must not bo forgotten that the sections re- 
quired for the bottom chords must be calculated for live and dead load stresses 
with an intensity of five tons and for combined live' load, dead load nnd wind 
streeees with an intensity of seven and a half tons. Then, by using the proper 
tables in Chapter II, there can be found the sizes of tension members which will 
give at least the section required. 

The stresses in the counters are io be increased for initial tension by the amounts 
given in Chapter YI, or what amounts to the same thing, the size required can bo 
found from Table YI. by looking down the column headed «* Intensity of Working 
Stress ss 4 tons *' until a stress is reached whi(3h is equal to or greater than one-half 
or the whole of the stress on the diagram, according to whether double or single 
counters be employed ; then, by following the horizontal Une which contains this 
stress, either to right or left, will bo found the size of the counters or counter 
required. 

The sizes of hip verticals can be found without calculation from Table YEE. 

In pony trusses having less than five panels it is necessary to make them stiffened, 
using either trussed bars or two channels laced or latticed. 

As stated in Chapter YI, if the former be employed tho intensity of working stress 
ia to be reduced to three tons, and, if the latter, the effective area of the webs alone 
as to be relied upon to resist tension. 
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The sizes of tbe lateral and vibration rods can be found from ihe last mentioned 
table by looking in the column headed ** Intensity of Working Stress = 7.6 tons " 
in the same manner as explained for counters. 

If the panel length correspond with the one given in Table I, or if it do not differ gre- 
atly therefrom, there need be no calculations made for stresses in the lateral systems 
and sway bracing ; because the dimensions of all the struts and rods for these systems 
are given in Table XIII. In that table the dimensions in the column marked ** Pan. 
1 '* are the sections respectively of the portal vibration rods ( if any), the lower portal 
struts ( if any ), the end lower lateral rods, and the lower lateral strut at the free end. 

Those in the second column are the sections respectively of the upper portal 
struts, the upper lateral rods, the lower lateral rods of the second panel, and the 
lower lateral strut at the first panel point. Those in the other columns are res- 
pectively the sections of the upper lateral strut, the upper lateral rods, the vibration 
rods ( if any ), the intermediate strut ( if any) the lower lateral rods and and the lower 
lateral strut. Thus the portal rods, lower portal struts, end lower lateral rods, and 
end lower lateral strut are assumed to belong to the first panel ; the upper portal 
strut, end upper lateral rods, second panel lower lateral rods and the lower lateral 
strut at the first panel point to belong to the second panel ; the end upper lateral 
strut, the vibration rods and intermediate strut attached to the first pair of posts, 
the lower lateral rods of the third panel and the lower lateral strut at the second 
panel point to belong to the third panel etc. etc. Spans above one hundred and 
fifty feet in length have vertical sway bracing. 

If the counter stresses be large, it is preferable to use double counters : sometimes 
both single and double counters are employed in the same truss. Where there is an 
odd number of panels, the centre diagonals should bo made double and adjustable* 
The number of main diagonals per panel is generally two ; but, if the sections 
become so great as to necessitate excessively large chord pins, it is better to employ 
four ; placing two inside, and two outside, of the top chord and posts. The widths 
of the main diagonals should, for the sake of appearance, increase from the centre 
of the bridge to the ends. For the same reason, it is well to have all the chord bars 
of the same, or nearly the same, depth ; the correct area of section being obtained 
£or each panel by varying the thickness and the number per panel. In large 
bridges it is permissible to reduce the depth of the chord bars towards the ends of 
the span in order to economize on the pins. It is also permissible, when there are 
several chord bars in the same panel, to employ depths varying by a quarter of an 
inch, provided that the bars of smaller depth be placed on the inside. 

If the bottom chord contain a channel strut, it will be necessary to proportion 
this member before determining the number and sizes of the bars, which is aooom* 
plished by subtracting from the total section required the effctive area of the vt^ of 
the channels, and using the remainder as the section required for the bars. 

In order that the strut may never be subjected to more than the stress assigned 
to it, each pin hole should be elongated towards the nearer end of the span a cer- 
tain amount which can be determined by the following method. 

Lot A = the effective area of the strut webs in the middle panel, or panel 
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nearest the centre of the span. 
B s the total area of the chord bars ii^'tbe same panel. 
(7 s the gross sectional area of the chbrd strut. 
T ex the intensity of working tensile stress for the chord bars, 
and T' ^ the intensity of tensile stress npon the gross section of the stmt 
when the bars are subjected to T, and when the stmt is pnlling the 
proper amount. 
then 

ATz^OT' or T'=~ 
If J? be the eoeffioient of elasticity of the iron the itretch of each chord bar will be 

9- ^* 

where I is the panel length 
The stretch of the strut due to the stress A T will be 

A* "" (7E 
Now, if the number of panels in the span be even, the elongation of the pin hole 
at the ( $ + 1 y^ panel point will be 

But if the number of panels be odd the elongation of each pin hole nearest the 
centre of the span would be 

The stretch of the chord bars in the next panel towards the end of the span will 

be as before 

« Tl 

and that of the strut 

*^ -^ E Cf E 

Now if» as should generally be the case, the strut has the same sectional area 
from end to end of span, A &: A' , =: G ' and therefore 5 '' = S ' 
For convenience of demonstration let it be assumed that the number of panels in 
the span is even, then the total stretch of the chord bars in the two panels lying 
to one side of the middle of the span will be 2 8, and the stretch of the strut in the 
same two panels will be 2 S' ; therefore the elongation of the second pin hole from 
the middle should be S ( iST— S' ) 

Similarly that of the next pin hole would be 

FinaUy, if n and ti^ haye the osoal sigaification the elongation of the pin hole at 
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ihe ( n ' ) ^!! panel point should be 

(•"-Tm'-4) 

The following important fact shoold never be forgotten in designing this member 
— ^^ if the pins pass through the holes in the struts and lie as nearly as possible to 
the centre of the span, the distances between their centres should be I plus the allow- 
able play of the pin in the hole of an eye-bar or i + |^ " /* 

Let us anticipate a little and consider the case of the bottom chord strut designed 
in chapter XVin : its gross sectional area is 5. 7 square inches and its effectiye area 
2. 8 square inches, so that ^. may be take equal to \ . 

Let us assume I = 22 feet, and E = 28,000,000 pounds or 14,000 tons. 

Then the elongation at the ( n' )^^ panel point is 

(»'-f)-^fr^x»=''»'»'(»'-T) 

With an even number of panels the elongations for the -various pin holes, begin- 
ning at the one next to but not at the middle of the span would be 
0.047 " , 0.094" , 0.141 '' , 0.188 " . 0.285 '' , 0.282" &c. 

And with an odd number of panels they would be 

0.024 '' , 0.071 '' , 0.118 " , 0.166 ti ; 0.212 " , 0.269, 0.806 '' Ac. 

But in connection with this investigation there is another point which must be 
considered ; viz. that when the bridge is empty the dead load shoiUd generally be 
great enough to put the chord strut in tension near the ends of the span, in order io 
prevent both vibration and undue stresses on the chord bars at these places. 
Whether this condition exist can be determined by finding the dead load strees 
at the middle of the span, dividing it by five and comparing the ratio, which this 
quantity bears to the actual iecttom of the chord bars at this place, with the ratio 9 « 
If the former be the greater the strut will be in tension, and all will be right. 
Otherwise it may be necessary to reduce the amount of the elongation of those two 
or three pin holes nearest the ends of the span ; because, supposing that the strut were 
not in tension when the bridge is empty, as soon as an engine covers one or two 
panels at the end of the span, the chord bars in these panels will be subjected io a 
greatet intensity of stress than will those in the other panels, and if there be any 
play in the strut eyes which is not already taken up by the dead load, these chord 
baors may be stretched more than the allowable amount ^ , even before the siml 
oomes into action as a tension member ; but, if the play be taken up by the dead 
load, and the chord panels near one end of the span be strained more than the others, 
the strut will immediately begin to, do its share of the work as soon as the live 
load is applied, and none of the chord bars will be overstrained* 

The danger of overstraining the chord bars of the end panels necessarily increases 
with the ratio ^ or that of § . These ratios increase with the length of span, but 
fortunately the ratio of dead load to total load also increases, causing the danger of 
overstraining to diminbh. 

For example in the 800' span on plate XLII the dead load stress at the middle 
panel of the bottom chord is about Idl tons, which divided by fits giv«s 28. 8 fl^uare 



* J 



— ii9 — 

indies. The ratio of the latter to the total section of the chord bars is ^*= 0.54 
The ratio of ^ is j|^ = 0.5d, sliowiug that if the elongations of the strut eyes h6 
made according to the preceding theory, there will be a little play not taken np by 
the dead load, so it will Be necessary to make the elongations at say the shoes and 
first panel points eqaal to that at the second panel points. 

Again in the 200' span on Plate XXXII the dead load stress at the middle is 
about 58 tons making the section for same 11.6 square inches and the ratio ^^ = 
0.5. The ratio of ^ is -^ = 0.56, or greater than that last found, showing that iii 
this case also the elongations of the pin holes at the shoes and first panel points 

must be reduced from the theoretical amounts. 

_ ■ ' ' . . .... * 

Finally in the 1?.0' span on Plate XXII the dead load stress at the middle is 
about 23.28 tons, and the ratio of sections Ij^ =? 0.414; while the ratio of^ is 
^ = 0,55. This great difference is not of much importance for the ratio of ^ in the 
end panels is so small that the chord bars alone are about sufficient to take up. 
the stresses caused by an engine load or engine loads near one end of the bridge, 
consequently if the pins do lie loosely in the strut eyes when the bridge is empty, no 
harm will be done ; for vibration may be avoided by careful chord packing* 

Hence we may conclude that the preceding theory of strut eye elongation may bd 
adopted in all cases at all the panel points except one or two at each end of long 
spans, at which places they may be made equal to that at the next paael point 
towards the middle of the span. 

" Chord packing '* is a term applied to the arrangement of the chord bars, chord 
strut, diagcmals, posts, and beam hangers upon the bottom chord pins. It is a 
matter of great importance, but is very often neglected. The three principal eonsi« 
derations to be kept in mind while arranging the packing are, that the bending* 
moments on the pins are to be made as small as possible, that the packing is to be 
made as dose as circumstances will permit, and that there be sufficient clearance to 
^Yoid all ehanee of finding the space between the post channels too narrow when 
the bridge is being erected. 

The width of the packing is dependent, not only upon the number and thickness 
of the bars, but also upon the width of the top chord plate. The latter is ofteni iii 
its turn, dependent upon the chord packing. 

The best arrangement is to pack the main diagonals, counters, chord strut 
and beam hangers inside of the posts, and the chord bars outside ; bringing the 
latter, however, within the batter braces at the shoes, unless the end panel contain 
four bars per truss, when two should go outside, and two inside. It is not abso- 
lutely necessary that the chord bars pull in the exact line of the trusses ; an inch or 
two of deflection in twenty feet being scarcely noticeable and making no appreciable 
difference in the length of the bar ; nevertheless it is better to make the bars as 
nearly as possible parallel to the planes of the trusses. The main diagonals should 
be placed next the post, then the beam hangers, and inside of all the counter or 
counters and chord strut, if there be one, any vacant space thus left being adjusted 
with fillers. The arrangement of the chord bars will be treated.further on.- 



The width of the top chord or batter brace plate is dependent upon the depth of 
the ohannek, as the transverse distance between the centre lines ol rivets, which 
attach the channels to the plate, should never be less than the depth of the channels: 
the chord packing often demands the use of wider plate. The least widths and thick- 
nesses are given in Chapter YI 

la pon; trusses the channels are spread apart and the width of plate increased 
to give lateral stiffness to the truss. To proportion the top chord or batter brace for 
a given stress, assume the depth of the channels and divide the length of panel or 
batter brace by it, both dimensions being expressed in the same unit. 

Beferring to Table YIII, look down the column marked ^'Batio of L to D**, 
until the ratio just found is reached, the number to the right, in the first of 
the three columns, is the intensity of working-stress to be used. The three columns 
are for the three cases, — ^both ends fixed, one end fixed and one end hinged, and 
both ends hinged, marked S S, H 9f and 99 respectively. Then, to find the area 
of the top chord or batter brace, divide the stress given on the diagram by the intensity 
ot working-stress taken from the table ; from the quotient subtract the area of the 
top plate, and divide the remainder by two : the final quotient will be the area of 
each channeL This calculation should be made with both the stress in the panel 
nearest the middle of the span and that in the end one, or, in long spans, that in the 
one next to the end. If, then, with the depth of ehannel assumed, it be found that 
there is, in the table of ehannel sections empbyed, a light channel that will not be 
much too heavy for the end, and a heavier one suitable for the middle of the chord* 
ail light: if not, another trial must be made, with a channel of a different depth. 
The greater the depth of channel, the less the ratio of length of strut to diameter^ 
aad eomequendy the greater the intensity of working-stress, and the less the sec- 
tional area reqaired : so, generally speaking, it is well to use the lightest and deepest 
dianaehi possible, unless the saving^n section be small, when it will be more econo- 
mical, tax other reasons, to use the next smaller depth* These reasons will be given 
in Ohapter XYL The dimensions of the channels and plate should be written 
on the diagram of stresses as shown on Plate XY. 

The siiee of the post ohannels are to be found in a similar manner to the one 
just deseribed, with these two exceptions, — that the column for two hinged ends is 
to be used, and that there is no plate. 

After aU the post^ are proportipned, the light ones should be tested according 
$0 the method explained in Chapter IX to see if they are strong enough to resist the 
eombined effects of loads and wind pressure. If not the sections should be increased 
so as to snake them strong enough. 

In high doable intersection bridges where the diagonals are halved, and con- 
nected by pins passing through the middle of the post channels, as shown in Plate 
I, the posts may be proportioned for half-length with both ends hinged ; but in this 
ease the counters must extend to the ends of the span, although there be no stress 
in some of them, for the purpose of preventing the posts fiom moving laterally at 
the middle. 

All lateral and portal struts, also the iDterm94u|t§ etrute i^ 4oi|ble traplf bridges. 
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are to be proportioned by using Table IX for one fixed and one hinged end, and 
adding, if necessary, to the section thus found enough area to resist bending as 
determined in Chapter IX. 

These struts do not really have one end fixed and tlie other hinged, but the 
strength of a strut connected by abutting jaws is intermediate between that of a 
strut of the same size with both ends fixed and that of another strut of the same size 
inrith both ends hinged. This is because the inaccuracies of shop work may 
cause a slight deviation from axial bearing. 

It is not positively necessary to use a lateral strut between pedestals at the 
fixed end of all spans, but it is much better to do so, not only to distribute the 
horizontal reactions, but to keep the chords in line ; for there is necessarily a Uttle 
play in the anchor bolt holes. 

There is generally no objection to making these struts lighter than those at the 
free end of the span, but it will often be found that considerations of detail will 
necessitate the use of a strut nearly as large as that at the free end. For instance, 
if there be a vertical pin Si^' in diameter passing through the jaw, it would entirely 
cut away the flanges of an I-beam, and would leave but Uttle iron in two i'' chan- 
nels so two 6^' channels would be required. 

Agaio, the component of the stress in the end lower lateral rod in a direction 
perpendicular to the strut will produce a bending on the connection, and an inequality 
of shear upon the rivets which connect the jaw plate to the strut. To resist this these 
rivets should be spread apart as much as possible, and the nut which connects the 
jaw to the chord pin should be screwed up very tightly and perhaps locked. It is 
obvious that this objectionable tendency to bending is less the nearer the vertical 
pin is to the end of the strut. 

The total working stresses (twt intensities) for I beams used as intermediate 
struts in single track bridges are given in Table X. Both ends may be considered 
fixed. When the I-beam strut is supposed to bend in a vertical piano, its length 
should be taken equal to the distance between the points of attachment of the 
brackets ; but, when it is assumed to bend in a horizontal plane, its length must be 
taken equal to the distance between opposite posts of the trusses. 

Brackets should extend inward and downward, from about four feet in narrow 
bridges, to about six feet in wide ones. The sway bracing given in Table XIII 
was proportioned for brackets of these dimensions. Brackets beneath intermediate 
struts not only serve to stiffen the struts, but add to the appearance of the bridge. 

To proportion the bottom chord strut, find the greatest stress in any panel, as- 
sume the depth of the channel, which should be made so great that the bottom chord 
pins will not take too much material out of the webs, and divide this stress by the 
intensity found in Table YIII for both ends fixed. If the sectional area thus found 
be small, it can be increased without causing much waste, for any area added to the 
webs of the channels is merely taken off that of the chord bars. 

If the stiffening be accomplished by trussing the inner chord bars, it must not 
be forgotten that the intensity of working tensile stress is to be reduced to four tons 
for the bars so trussed. Struts of trussed bars may be assumed to have an intensity 
of working compressive stress equal to one ton for short panels, and half a ton for 
long ones. 
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CHAPTER XIL 



PROPORTIONING OF TRACK STRINGERS, PLATE GIRDERS. 

FLOOR BEAMS AND BEAM HANGERS. 



The economic depih for a track stringer or plate girder will not generally Vary 
much from one eighth of the span, although English engineers nsnally adopt one 
twelfth. The best American specifications give preference to girders in which the 
depth is not less than one tenth of the span. Other things being equal the deeper 
the girder the less will it deflect, so a depth of one eighth is preferable to one of one 
twelfth of the span, unless it necessitate the use of more iron, which it should not* 
There can be considerable variation in the designing of girders, which will involve an 
appreciable difference in their weights and economic depths. 

As the function of the web is to resist shear alone, the formula for the area of 
the upper flange of a girder will be 

and that for Uie lower flange 

where M is the greatest bending moment on the girder at the point considered, Tsa 
the intensity of working stress b 4 tons for built girders or 5 tons for rolled oncF, 
d the depth between centres of gravity of flanges, and A'' the area lost from the 
lower flange at the point considered by the rivet holes. As a table of equivalent 
uniformly distributed live loads for all cases is given in Chapter VI and another 
corrected for shock in Chapter VII, the valac of the gi-eatest bending moment at any 
point of a girder will be given by the equation 
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vrhioh for the middle point becomes 

w being the total uniformly distributed live and dead load per lineal foot including 
the allowance for shock, I the length of the beam and x the distance from the nearer 
end to the point considered. 

The shearing stress on the web should never exceed 2 A'^ where A* is the area 
of the section of the web : except for extremely shallow girders, which are seldom 
permissible in good practice, the shear can never be as great as 2 A\ so this considera- 
tion may be usually omitted. For reasons stated in the last chapter, a multiplicity 
of parts in the flanges of beams or girders is to be avoided, so it is well to use no top 
plate and but one bottom plate for track stringers, and never more than three 
thicknesses of plate for the flange of the largest girder. The rules for web stiffening 
are given in Chapter YI. The sizes of stiffening angles may vary from 2^' ^ ^V 
X \ff to 8'' X 3" X I". 

When the panel length does not exceed fifteen feet no bracing frames between 
track stringers will be needed, but for greater panel lengtlis there must be one frame 
at the middle of the stringers, and, if the latter rest on top of the floor beams, one 
near each end also. A bracing frame can be made out of one piece of 8^' x 8^' angle 
iron not less than ^f thick, by cutting right angled nicks out of one leg, bending the 
iron until the cut edges meet and welding the junction. 

For plate girders consecutive bracing frames should not be separated by more 
than seven feet, and those at the ends should be made stronger than the others. As 
stated in Chapter YI, when the length of span exceeds twenty-five feet, the inter- 
mediate frames are to be replaced by diagonal braces of angle iron both above and 
below, the braces making with «ach other angles of about sixty degrees. 

The only essential differeuce between a plate girder and a track stringer is in the 
inclined stiffeners at the ends ; and those track stringers which rest upon the masonry 
should 4)0 provided with this detail. 

The following table gives with sufficient exactitude for all practical purposes the 
total uniformly distributed load per lineal foot for one track sti'iuger or plate girder 
of any length : it inclu«les the live load with the allowance for shock, the constant 
track load and the weight of the girder. 



Hpau 


Uiiif. Loud. 


bpan 


Uuif. Load. 


o to i8' 


1870 ponnda 


$5' and J4' 


2370 pounds 


19* and icf 


2810 „ 


55' », 56' 


2500 „ 


21' n 22' 


1750 ,. 


IV « 58' 


2250 „ 


2 J' » 14' 


1^90 « 


5(/, 40* and 41' 


2160 „ 


«5' »> ^6' 


i6jo „ 


4i'»45' »> 44' 


2090 „ 


27' >, <»«' 


1570 « 


45'»46' „ 47' 


2020 „ 


19' » l^ 


2510 „ 


48% 49' ,» 50' 


1950 » 


5«' » 5^' 


2440 „ 


51' to 60* 


1880 „ 



The value of the greatest bending moment for a floor beam for a single track 
bridge poigr be 4«tOVWiHo4 as fQllow^. 
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Let W = the load applied at the bearing of two abutting track stringers : 
it includes one half of the greatest combined engine and car 
loads that can bo concentrated at a panol point, tlie allowance 
for shock, one half the constant track load per lineal foot 
multiplied by the panel length, and the total weight of one 
stringer. 
re = the weight of floor beam per Uneal foot 
h = the perpendicular distance between central planes of trusses. 
X = the distance from the central plane of the nearer truss to the 
X>oint of the beam considered ; 
then for any point between tlio stringers the moment is given almost exactly by the 
equation 

M = W ('^^ 1.8 5 ) + i tr l« 
and for any exterior point by the equation 

M= Wx + ~- {h — x) 

For a floor beam of a double track bridge the moment at any point between the inner 
track rails is given approximately by the equation 

M= W{h — 9.8S)+ i7ch* 
Under the outer rails it will be given approximately by the equation 

M= JF(6- 13.58) + ^.wb^) 
and for any exterior pomt exactly by the equation 

wx 



M=2W X + 



2 



{h^x) 



The area of a flange for a floor beam is determined by substituting the value of If 
in one of the equations 

A = -YJ ^r ^1 = '2^j + ^ " 
which were given for girders. 

The economic depth for floor beams of single track bridges will vary from Ij* for 
short panels to J^ for long ones : for double track bridges the corresponding ratios will 

probably be found to be ^ and ^. 

The values of W for the different panel lengths are given approximately in the 
following table. 



Pun. Length. 


w 


Pan. Length. 


w 


IC 


1 3. 84 tons 


18' 


19. 79 tons 


II' 


14. 85 „ 


19' 


«o.4J » 


I a' 


15-79 » 


1C 


11. 20 j» 


'5' 


16.67 „ 


2\' 


ai.95 »» 


H' 


17.36 „ 


22' 


27, 62 9, 


15' 


18. 06 „ 


a^' 


23. a6 ^ 


1 6' 


18.75 „ 


24' 


24- 0^ » 


17' 


19. 28 „ 


as' 


14.64 „ 
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For Uie floor beams of single track bndges the value of W may be taken from 
0.06 ton for short panels to 0.08 ton for long panels ; and the corresponding valnes 
for floor beams of double track bridges at 0.12 ton and 0.15 ton. 

The method of determining the rivet spacing in the flanges of plate girders, 
track stringers and floor beams wis indicated in Cliapter YI : it will be further illus- 
trated by an example. To find the number of rivets necessary to connect a track 
stringer to a floor beam where the former abuts against the latter. 

let 7F a as before the total reaction upon the floor becim caused by 
the total loads on two abutting stringers, including allowance 
for shock. 
t SB thickness of web of floor beam 

ff am thickness of web of stringer 

//' = tliickness of a connecting bent plate 

p = the intensity of working bearing pressure 
m = the working bending moment for one of the rivets used in tlie 

connection 
and d =* diameter of same rivet. 
then the reaction at one end of a stiinger is ^, and the working bearing pressure for 
one rivet passing through the web of the stringer is p t' d; consequently the total 
number of rivets through the stringer web necessary to resist the bearing pressure 
will be given by the equation 

_ W 

The stress ^ ^^ equally divided between the two connecting plates, making the stress 
tipon each equal to ^ and its moment equal io^ x ^^^' therefore the number of 

rivets through the stringer web necessary to resist bending will be given by the 
equation 

8 m 

The greater of the two numbers n and nf is to be taken as the proper number of 
rivets to use. Additional strength is gained for this connection by the supporting 
shelf, but it is well not to depend thereon, as the bearing on the shelf may be imper- 
fect, and this rivetted connection is more affected by impact than any other rivetted 
connection in the bridge. 

The number of rivets required to attach each bent connecting plate to the floor 
beam as far as bending is concerned will be given by the equation 

S m 

But for bearing upon the floor beam web, the total pressure being W, the number of 
rivets for connecting each bent plate will be given by the equation 

" — 2ptd 
As before the greater of the two nnmbers n" and »"' is to be ased. 
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In general t tn u =: iff tn )//, p s 6 tons, and if three quarter inefa rivets be 
employed, d = 0.76'', and m = 0.811 inoh ton (vide Table XVni). 
Substituting gives 

71 = w"=z -2=- and n' = n" = ^^ nearly 

and as TT varies from 18.81 tons to 24.64 tons the number of rivets passing through 
each leg of each bent connecting plate will vary from five to eight', which numbers it 
would be well to increase to seven and eleven. 

In plate girder designing care must be taken to so stagger the rows of rivet holes 
passing through the flanges that the latter will be weakened as little as possible. If 
there be but one plate a single row of rivets on each side spaced about five inches 
will be sufficient ; if there be two plates, a single row spaced three and a half inches 
will answer ; but if there be three plates, they must be wide enough to contain two 
rows of rivets on a side, with a spacing of five inches. It is better to use y rivets 
to pass through three thicknesses of plate and the leg of a flange angle, or even to 
pass through two thicknesses and the leg, if the plates be as thick as half an inch. 

Beam hangers may be proportioned by the equation 

^ = -24' 

where A is the area of the section of one leg of a hanger, and TV^ the total weight 
of a floor beam and its load not including any allowance for shock, the latter being 
provided for by the low intensity of working stress. 

Let ns take, to illustrate the desgning of a girder, the case of a track stringer 
for a 21' panel. The uniformly distributed live and dead load including shock is given 
in the first table of this chapter as 2750 pounds =1.875 tons per lineal foot. The 
moment at the centre is 

nr 1 19 1.875x21x21 ^Kot XX 

M= iw l^ = ^ — - — - = 7 5.8 foot tons. 

Let us assume the economic depth of web to be 29^' and take tlie thickness as }'/, 
making d about 26.5'^ — 2.21 feet, therefore 

7_6.8 

X 

From the well known fact that a bar of wrought iron one square inch in section and 
three feet long weighs almost exactly ten pounds, we can determine the weight per 
foot of each flange angle by multiplying A by ten and dividing by six. 

This gives the weight per foot to be 14.8 pounds. Consulting Carnegie's table 
of angle irons given in Chapter U, we find that the nearest size is a 8'' x ^i" X ^^'' 
angle, weighing 14.4 pounds per foot, which section we will adopt. 

The area of the section of the bottom flange is 8.58 □ '^ -f- A", where A" is equal 
to the diameter of a rivet hole multiphed by twice the thickness of the leg of one of 
the lower flange angles. The thickness of the upper angle legs being H'\ we can 
assume that of the lower legs as i'\ for there is to be a bottom plate. Let us use 
tt" rivets for both flanges, because of the rather large thickness of the upper flange 



A = . ' "^"^^ , = 8.5 8 square inches 
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angles, and let as use a bottom plate ^s' x 8". By a carefal arrangement of the 
three rows of rivet holes through the legs of the angles, we can have no section 
weakened by more than one rivet hole, nevertheless it will be better to add say four 
tenths of a square inch to A" as thus found, because the holes of the rows in the 
vertical and horizontal legs come pretty closely together. A" may therefore be taken 
equal to 2 x i x } ^ 0.4 =3 1.28 square inches, making the area of the bottom 
flange 8.58 -f- 1.28 = 0.86 square inches. Subtracting therefrom the area of the 
plate or Jir X 8 = 8.5 square inches, leaves 6.86 square inches as the area of the two 
angles, which mnltipUed by ten sixths gives 10.6 pounds as the weight per foot of 
each angle. The most suitable section given in the table last used is 8i" x 4" x jv" 
and weighs 10.5 pounds per Uneal foot, which is near enough for all practical purpo- 
ses. The assumed thickness of half au inch used in determining A'' gives a sUght 
error on the side of safety. Laying out the sections of the flanges to scale, the 
distance between their centres of giavity is found to be a little over 27'', so that in 
assuming d = 26.5'' a slight error on the side of safety was committed. 

The difference is so small as not to necessitate a re- calculation. 
We can either let the bottom plate extend over a little more than the middle half of 
the stringer or calculate its theoretically correct length as foUows. If in the equation 

we substitute for tr and I their values and for M tlie greatest allowable bending 
moment on the beam at the end of the bottom plate, we can solve for x and thus find 
the length of plate by the equation 

V = l — 2x 
The effective area of the lower flange at the end of the plate is about 

-^^- 0.7 7 = 5.5 3 a", 

which multiplied by 4 gives 22.12 tons as the permissible stress on the bottom 
flange, and this multipUed by the effective depth 27" — 2.25' gives 49.77 as the 
permissible bending moment. Substituting this gives 

49.97 = i^^(21a; — ««) 
or x^-2\ x=z - -^1^= — 7 2.4 nearly 

l.o To 



therefore 



a;=^±v/_72.4 + (^)''=4.28 



Consequently the length of the plate V is 21 — 8.7 =: 12.8 feet: but it is better to 
increase it to 14 feet. 

To find the rivet spacing for the upper flange angles let us divide the beam 
into lengths of two feet commencing at both ends and moving towards the middle, 
and let us transform the equation 
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tcx 



M=-V^(J-. x) = ATd to 



2 






and substitute for tr, I and d their values, and for ar, 2, 4, 6, 8 and 10, S being the 
actual flange stress at tlie point considered. 

Making the substitutions gives for the various values of 8, 11.6, 20.8, 27.6, 81.8 
and 88.8 tons. Subtracting each from tlie one following gives 11.6, 9.2, 6.7, 4 .8 and 
1.8 tons as the horizontal stresses to be taken up by the rivets in the different two 
feet lengths. 

In addition to these horizontal stresses there is in each length a vertical stress 
caused by the two ties pressing on the angle irons. What the amount of this vertical 
stress is it would be hard to say. for the stiffness of the rails tends to distribute the 
pressure of the wheels over several ties, but if we assume that two thirds of tho 

weight on one wheel or 4.17 tons is supported by the inner angle in a two feet length, 
we will provide for a sufficiently unfavourable case. 

From Table XVIII we find that the working bearing pressure for a «" rivet on 
a i'f plate is 1.829 tons, and that the working bending moment for a rivet of that 
diameter is 0.895 inch ton. 

The total bearing pressure on the rivets in the first length is |/'(11.6)*-f-(6.26f= 
18.2 tons nearly, which divided by 1.829 gives 8 as the number of rivets required fbr 
bearing. The stress on tho inner flange is i/'(6.8)''+(4.17)^ = 7.15 tons, and the 
lever arm is i (M x }) — i^f, making tlie bending moment 7.15 x }( = 8.8 inch 
tons, which divided by 0.895 gives 10 as the number of rivets required to resist bend- 
ing: this corresponds to a rivet spacing of 2.4", or about three diameters. 

At the fifth division the stress on the inner angle is |/(0.9/ + (4.17)* = 4.8 
tons, and the corresponding bending moment 4.8 x tt = 2.28 inch tons, which 
divided by 0.895 gives 6 as the number of rivets required, corresponding to a rivet 
spacing of 4.^/ A larger spacing would do for the lower flange, but it is scarcely 
worth while to make any difference between the spacings of the upper and lower 
flanges. The change in the spacing from the end of the stringer to the centre should 
be made abrupty between stiffeners and not gradually : this is to faciUtate the 
punching by machinery. 

Generally speaking it is unnecessary except in the case of very shallow girders 
to calculate the rivet spacing for the flanges, because the designer may rely upon 
his previous experience, but, if he be in doubt, he will break no rule of good design- 
ing by putting in a few extra rivets. 

The stiffeners may be made of 2^'^ x 8'^ x A^' angle irons, and there should bo 
eight or nine pairs of them. The filling plates will have to be W x 2^.'^ 

In a similar manner may be designed any plate girder or floor beam. 



CHAPTER Xni. 



THEORY AND PRACTICE OF PIN PROPORTIONING. 



The subject of '< bridge pins " is one deserying of more consideration than has 
been accorded it by engineers, and authors of technical works. Until 1878» when 
Mr. Charles Bender, G.E., presented his paper on <* Proportions of Pins used in 
Bridges " to the American Society of Civil Engineers, very little was known concern- 
ing it ; the usual custom among engineers when proportioning pins having been to 
allow one square inch of pin area for every eight or ten thousand pounds of shear in 
the section most subject to shearing-stress. As Mr. Bender states generally, and as 
will be shown farther on to be true for iron bridges, it is not the shear, but the bend- 
ing-moment, which causes the greatest tendency to rupture ; so that in any iron 
structure it will be sufficient, in finding the sizes of pins, to calculate the greatest 
moment induced in them by the various members coupled thereon, and to proportion 
accordingly, due regard being paid to the stresses in the eye-bar heads. Before mak- 
ing any investigations, it will be well to review and summarize the most important 
results of the investigations of others in this subject. 

The principal conclusions arrived at by Mr. Bender are, that, for a well-fitting 
pin of large diameter, a pressure on the bearing-surface of six tons per square inch 
is not too large ; that for simplicity it is well to assume that this pressure is uni- 
formly distributed over the diameter of the pin ; that wrought-iron, after millions 
of impacts, may break on the side where the stress is tensile, but never on the 
side where it is compressive, the ultimate resistance to crushing being about thirty 
tons per square inch ; that the shearing-stress at the centre of a pin is one and 
three-eighths times the average shear on the whole section; that in iron and 
steel the ratio between the greatest allowable tensile and the greatest allowable 
shearing-stresses should be as 5 to 4, which would make the uniformly distributed 
shear 2.91 tons per square inch, to correspond with a tensile stress of 5 tons per 
square inch ; and that, owing to various considerations, iron in pins may be strained 
much more than similar iron in tension members. 
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Mr. B. Baker, C.E., in " Beams, Colamus, and Arches/* treats of pins merely 
incidentally. He finds, that, for iron in solid circular heams, the average value 
of is ^ /, where / is the ultimate resistance per square inch to rupture by ten- 
sion, and the dififereuce between the apparent ultimate resistance per square inch 
to rupture by bending and /, according to the equation F = / -}- 0, F being the 
apparent ultimate resistance per square iuch of the extreme fibre which first gives 
way ; and, that for steel, the value of varies between 1.7/ and 1.9/. 

Professor Burr devotes five pages of his work on " Stresses in Bridge and Hoof 
Trusses " to the subject of pins, and illustrates the particular case of a suspension- 
bridge cable pin, and a general case for ordinary truss-bridge pins. 

Professor Du Boiii, in << Strains in Framed Struoiures/* also gives a mathema- 
tical discussion of how to find the maximum bending-moment. 

Table XIV. gives the working bonding-moments on all the iron and steel pins, 
and the working-shear on all the steel pins, which will ever be required. Having 
calculated the bending-moment, the requisite diameter for the pin ean be found by 
looking down the proper column until a bending-moment at least equal to the one 
found is reached. The diameter will be found at either end of the horizontal row 
thus located. The use of the column for shear will be made apparent presently. 

The upper and lower horizontal Unes in the table of bearings (Table XY) give 
tlie diameters of the pins ; the extreme vertical Unes, the necessary widths of beariug- 
surface at each end of tlie pins, including both channel and re-enforcing plates ; and 
the other vertical lines, the permissible pressure, on the bearings. The method of 
using those tables is the following. The pressure which the pin is to carry is to be 
taken from the diagram of stresses. A tibial diameter is then assumed. The ver- 
tical column, headed by this diameter, is to be followed down, until a number 
nearest the pressure to be carried is found. At either end of the horizontal row 
thus located will be found the proper width of bearing. Knowing the width of bear- 
ing, diameter and pressui*e, the moment to which the pin is subjected may be at 
once calculated. Turn, then, to Table XIV, and see if this moment agree with the 
working-moment corresponding to the trial diameter. If it does, all right : if not, 
another trial is to be made, with a new assumed diameter. After a httle experience, 
the first trial will be sufficient. A consideration of other details, such as widths 
and depths of eye bars, etc., will frequently aid very much in these trials. 

Table XV can be used for bearings in members of lateral systems, portal brac- 
ing and vertical sway bracing by multiplying the calculated stresses by two thirds. 

To find the least value of the ratio of the diameter of pin to depth of eye bar 
in an iron bridge, by considering the tension in the bar, and the pressure between 
the pin and bar, — 

Let 

w = width of bar, 

di = depth of bar, 

d £= diameter of pin, 

C e: intensity of working compressive stress, 

T = intensity of working tensile stress ; 
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thtn 

wdiT = tension in bar, 
and 

wdC c= compression on pin and eye. 

ThesOy of course, are equal ; and, as (7 = 6 tons when 7=5 tons, there results 
the equation, 

d = 1^1 = 0.888rfi, 

whicll shows that the diameter of the pin should never be less than eighty-three per 
cent of the depth of the bar. It is possible, though, that good iron of twenty-five 
tons tensile strength will resist more than thirty tons per square inch in compression : 
consequently d may be taken at O.Sii as a matter of convenience. 

To find the proportion between width and depth of bars for the smallest allow- 
able pin in an iron bridge, — 

Let the notation be as before, and first let us suppose that there be but one pair 
of bars acting at each end of the pin, and that the total tension be a fixed quantity. 
The stress in one bar is wdiT, and its moment is tr%/iT. This must be equal to the 
resisting-moment of the pin, which is given by the well-known equation. 

Here ii z= | 7, J ss }irr«, and D =i r ^ |, substituting which gives 

M = Air2W». 

Equating the two values of the moments gives 
or 

"^ ^ 04 di 

Now, to make the diameter of the pin as small as possible, the moment of the 
stress must be made as small as possible ; and, as the stress is constant, the lever- 
arm tr must be made as small as possible. But the product of tr and (/i is a con- 
stant: so when vo is smallest, d^ must bo greatest. But the greatest value of d\ is 
\d\ substituting which gives 

and 

or about one-fourth of the depth of the bars. 

If there be two pairs of similar bars acting at each end of the pin, instead of one 

pair, the equation of moments will be 

2fr«rfir=A^3rd», 

or 

2 Sir d» 
^=-128. A' 



— 132 — 

As before, to make d a minimnmy w must be made a minimnmi or di a maximum : 
therefore d s= \du which, substituted, gives 

w = 0.194rf„ 

or about one-fifth of the depth of the bars. 

For three pairs of similar bars at each end of the pin, the equation of moments 
will be 

substituting in which \di for d gives 

w = 0.159d„ 

or about one-sixth of the depth of the bars. 

Finally, if there be four pairs of similar bars at each end of the pin, the equa- 
tion or moments will be 

which gives 

w = 0.l37d„ 

or about one- seventh of the depth of bars. 

To find the greatest working shearing-stress (supposed to be uniformly dis- 
tributed) in terms of the working resistance to tension, — 

Let S = actual varying resistance to shearing, considered uniformly distributed. 
The greatest value of 8 will correspond to a value of tc equal to 0.274c^i ; for suppose 
the moment to remain at its maximum value, and the dimensions of the bar to vary 
(consequently the stress therein also), the tension in the bar will be greatest for the 
value of tr corresponding with the greatest value of di : therefore the shear will also 
be greatest for that value. 

Equating the tension to the shear gives 

Substituting J^ tovdi , and 0.274 (^) for tr, gives 

0.274(fd)«r = -2?^, 

and 

5 = 0.5457; 

for r = 5 tons, S = 2.725 tons. But the greatest allowable value for 8 is, accord- 
ing to Bender, 2.91 tons. This proves, that, if an iron pin be properly propor- 
tioned for crushing and bending, it will be strong enough to resist shear, and in 
fact, that, before the pin could shear, it would either break by bending or crushing, or 
the eye of the bar would give way. A similar investigation for steel bridges, where 
T = 8.35 tons, C = J T, and R (the intensity of working bending-stress) = l.Sr, 
gives d = 0.57 Hc^i, w = 0.1816(^i, and 5 = 5.912 tons = the actual intensity of 

shearing- stress when the pin is strained up to the bending- limit, and the ratio — 

for that condition of stress is at its minimum, and consequently the area of the bar, 
the tension therein, and the shear on the pin, at their maxima. But the greatest 
allowable shear is, according to Bender, ^ x A ^ ^ ^ if ^ ®*^^ = ^-^^^ ^^ » so 
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that, for a pair of steel bars pulling on a steel pin in opposite directions, or a single 
steel bar against a steel bearing, the pin in certain cases will be liable to rupture by 
shearing, and will therefore have to be porportioned to resist that stress. 

After making out the diagram of stresses, and proportioning the main members 
of a bridge, comes the determination of the sizes of the pins, — a matter that is liable 
to occupy more time than did all the previous work. Knowing the sizes of all the 
bars in the structure, the clear width between the inner faces of the top chord chan- 
nels (and consequently that between post channels) can be found, after which tiie 
arrangement of all the bars in the bridge can be decided on. Care must be taken 
in performing the latter, that no two consecutive chord bars or ties coupled on the 
same pin pull in the same direction, unless this arrangement reduce the bending- 
moments, as it can sometimes be made to do ; that the lighter set of bars be so placed 
as to reduce the bending- moments ; and that the diagonal ties be placed close to the 
posts, and the beam hangers close to the ties. Especial care is needed at the panel 
point where the number of chord bars is different in the consecutive panels. It is 
possible to arrange the bars there, so that there will bo an extremely large moment 
produced, or so that it will be smaller than at any other panel point of the bottom 
chord. The neglect of any of these precautions will cause an undue bending- 
moment on the pin. 

The arrangement completed, the next questions to be decided are, first, under 
what condition of loading will each pin take its greatest bending-moment, and, 
second, at what point on the pin will this be found. In well proportioned railroad 
bridges; the bottom chord pins are subjected to their greatest bendiug-moments when 
the bridge is fully loaded. Under this condition, the stresses in the chord bars can 
be taken from the diagram of stresses ; but those in the main diagonals must be 
calculated for the load covering the whole bridge, and their horizontal and vertical 
components be ascertained. 

After having had some practice, one will very often be able by simple inspection 
to decide at what place the greatest moment of flexure will exist ; but, if not, it will 
be necessary to calculate the values of both horizontal and vertical moments at dif- 
ferent points, and find where their combined result is a maximum. As Professor 
Burr shows, the actual moment is represented by the diagonal of a rectangle whose 
sides represent the vertical and horizontal moments. It is usually more convenient 
to square the component moments, add the results, and extract the square root 
of the sum, than to make out a diagram. 

The moment of the stresses can be easily recorded by drawing two curved lines, 

as shown in the accompanying diagram, representing the 
directions in which the stresses tend to bend the pin, and writ- 
ing each moment as calculated under one or other of them, 
according to whether it would produce positive or negative 
rotation. The difference between the sums of each column 
will give the actual horizontal or vertical moment as the case 

maybe. 
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As a rule single beam hangers and large single eonuters are to be avoided on 
account of the great bending moments which they produce upon the pins. 

The size of the pin for the hip joint depends greatly upon the arrangement of 
the bars which it couples. In a double intersection bridge where there are two hip 
verticals, two long main diagonals and two short ones meeting at the hip« the best 
arrangement is to put one pair of diagonals on the outside of the chord and the 
other pair inside, close to the bearing, the verticals coming next and being kept apart 
by a filler. If the moment on a hip pin be very great, the use of a steel pin 
will prove advantageous in reducing the size of the eye-bar heads. 

Except when the chord pins are small it is not necessary to consider the effect 
upon them of the stresses in the lateral rods, but whenever possible the latter should 
be so arranged that the effect of the stress in the outer one wiU be to diminish the 
horizontal component of the moment on the pin caused by the stresses in the truss 
members^ i, e. if the tendency of the chord and web stresses is to bend the pin convex 
to the middle of the span, the outer rod, when bent eyes are employed, should point 
towards the middle ; but, if it be to bend the pin concave to the middle of. the 
span, the outer lateral rod should point towards the nearer pier or abutment. 

The ends of pins have to be reduced in diameter, so that the nuts and pin pilots 
may be screwed thereon. Care* must therefore be taken in proportioning small pins 
to see that sufficient area be left under the root of the thread to resist the tension on 
that section caused by the greatest transverse components of the stresses in the 
lateral rods. The principal objection to the use of large pins is not always the undue 
weight of the pins themselves, but the increased size of the chord and tie-bar. Leads, 
and the room that they take up. 

On the other hand, it is not always desirable to use the smallest possible piny 
as the width of the bearing is an inverse function of the diameter of the pin : so if, 
owing to the necessity of a large number of rivets, the re-enforcing plates be long, 
it might be economical to increase the diameter so as to reduce the width. Thicken- 
ing the heads of eye bars has an injurious effect on the pins, although a beneficial 
one upon the heads, for the lever arms of the stresses are thereby increased. 

Bridges with weak pins will not necessarily fail by the rupture of the pins. 
The reason for this is thus stated by Professor Burr : *' The distortion of the pin 
beyond the elastic limit will reUeve the outside eye bars of a large portion (in some 
cases, perhaps all) of the stress in them. This result will produce a redistribution 
of stress in the eye bars, by which some will be understrained, and the others cor- 
respondingly overstrained. Thus, although the pin may not wholly fail, the safety 
of the joint will be sacrificed by the overstrained metal in the eye-bars." 

The preceding portion of this chapter may be termed the theory of pin propor- 
tion and the subsequent part the practice. 

The ordinary method of pin proportioning is to figure the diameters of a few 
prmcipal pins, and to make the others of the same sizes. Thus, by inspection, can 
be found which pin near the middle of the bottom chord is subjected to the greatest 
bending- moment. If there be an even number of panels in the span, it will be the 
middle pin ; but, if there be an odd number, it may be the first or second pin from 



— 135 — 

the tnidcQe, tteeording to thd number and arrangoment of the chord bars. The ver- 
tical component of the bending-moment on any one of these pins is so small in com- 
parison with the horizontal component, that it may be neglected. For bridges with 
&n eren nnmber of panels, — 

Let 

T r=: tension in middle panels of lower chord, 
and 

t^ ^ the average thickness of chord bars in these panels ; 

Ihen, approximately, 

Tw 

— =5 bending-moment on middle pin. '*' 

This formula may be applied, but perhaps with less accuracy, to a bridge having an 
odd number of panels ; and, if the chord be properly packed, the error will be 
upon the side of safety. 

With the exception of the chord pins at the shoes and at the first panel points 
from the ends of the span, all the lower chord pins may have a diameter corres- 
ponding to this maximum bending-moment, unless the bridge be a long or very 
Leavy one, when some of the intermediate pins may have their sizes determined 
either by calculation or by interpolating ; taking care in the latter case that they be 
liberally proportioned ; for the strength of a pin reduces rapidly with the diameter. 

To find the size of the lower chord pin at the first panel point, use the formula, 

for the horizontal component of the moment, and the formula 

jr_ tA(d + d') 

y- 1 — 

for the vertioal component ; i being the intensity of working-stress for the hip ver- 
ticals, A their area (B. B.), to be taken from Table YII, d the diameter or thickness 
of a hip vertical, and d' that of a beam hanger. 
The moment given by the formula 

applied to Table XIV will determine the diameter required. This diameter may 
be used also for the pin at the shoe. 

Where a bottom chord is composed of a continuous strut and eye-bars, the 
stress on the former cannot affect the pin, for it has no lever arm, consequently in 
proportioning any bottom chord pin except that at the shoe for such a case the value 
of T is to be found by multiplying the sum of the areas of all the chord bars in the 
panel considered by the intensity of working stress for those bars. 

To find the size of a hip pin, lay off the stresses in one hip vertical and one 

* For very long span doable track bridges this formula will give an exoessiYe diameter^ in 
which cases the arrangement of the ch<»d packing most be relied on to reduce the bending 
k momeBtB. 
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end main diagonal to any convenient soale, and find the value of their resultant by 
the parallelogram of forces. This resultant will determine the thickness of the bear- 
ing, a trial diameter being first assumed. It is possible that this bearing will have 
to be increased, so that there will be enough iron to transfer the stresses from the 
batter brace, hip verticals, and diagonals, to the chord, as will be explained in the 
next chapter. An approximate test of the sufficiency of the bearing in this respect 
may be obtained as follows : — 

Let 

^ s the area of the section of the end panel of the top chord, 

d s depth of chord channels, 

t =3 thickness of web of an end chord channel ; 

then the bearing should not be less than that given by the formula 

Next find the distance I between the centre of the bearing of the chord and that of 
the diagonal, also the distance V between the former and that of the hip vertical, tho 
latter being on the inside. Galling the stress in the hip vertical F, and that in the 
diagonal St the vertical moment will be F/^ and the inclined one 8L Next lay out 
these components to any convenient scale in their proper directions, and find their 
resultant by the parallelogram of moments. This resultant will determine the 
diameter of the pin. 

If the diameter found agrees with the one assumed, or if it does not agree, pro- 
vided that the bearing was not determined by the trial diameter, all right; but if the 
bearing were so determined, and the two diameters do not agree, another trial must 
be made. 

Where there are more than two main diagonals coupled at the hip, as is the 
case in double-intersection and in heavy single-intersection bridges, one pair is 
coupled on the outride of the bearing, and the other on the inside ; so that theor- 
etically the greatest bending-moment is equal to the stress in the outer bar multi- 
plied by the distance between the centre of the bar and the centre of the bearing. 
But practically the moment may be greater, for the distribution of stresses among 
the diagonals may not be as assumed : so it is well to determine the moment by 
imagining the outer bar not to exist, and proceeding as explained above for the case 
of only two main diagonals at the hip, excepting, of course, that the thickness of the 
bearing must be ascertained by finding the resultant of the stresses in the two diag- 
onals and the hip vertical. 

To calculate the size of an intermediate upper chord pin, the widths of chord 
and post bearings are to be determined as shown in the next chapter. The former 
is given approximately by the last formula, where A is the section of the panel of 
the chord on tho side of the pin towards the middle of the bridge, and t the thickness 
of the corresponding channel. The other is given by the formula 
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^Vhrbere J| is ilie area of the sectiou of tho post, and h the depth of oue of its chaimels. 
Next resolve one-half of the diagonal stress vertically and horizontally into 
-^ and P' respectively. Let/ represent tlio distance between the centre of the diag- 
onal and that of the extension plate, and /' tlic distance between the former and that 
of the chord-bearing ; then 



If the bridge be a small one, it will be necessary to calculate only the size of the 
pia ai tho top of the first vertical post from tlie end of the bridge, and to make all 
^be intermediate top chord pins of the same size. But, if tlie bridge be a large 
^uc, it will bo better to calculate tho diameter of the pin on tho post midway between 
the end vertical post and the middle of the span, and to make all the pins between 
tliese places of this diameter, and all the others of the same diameter as that at the 
eiid of the first vertical post. After the diameters of the top chord pins are deter- 
Uiined, the post and chord bearings should be tested by applyuig Table XV, al- 
though in most cases they will be found ample. 

lu double-intersection bridges, where the diagonals are halved, and coupled on 
p>ius passing tlurough the middle of the posts, the size of any one of these pins may 
l>o found from the moment 

'*^ — "2"' 

^here S is the stress on the diagonals as given on the diagram of h tresses, and ir the 
^idth of one of the main diagonals. 

In all pin proportioning it must be kept in mind that the diameter of the piji is 
never to be less than eight-tenths of tho depth of the deepest bar coupled tliereon. 

The moment on any pin belonging wholly to a lateral system or sway bracing 
t^an always be found by tlie formula 

3/= PI 

where P is the reaction at one bearing and I the distance from the centre of this 
bearing to the centre line of the force which produces P, It must not be forgotten 
that only one set of diagonals of a lateral system can be in tension at once, and that 
the stress on any diagonal (where single diagonals are used) should be divided 
equally between the bearings, making P equal to half the greatest working stress on 
the diagonal including initial tension. 

The value of I and consequently that of M can be reduced by making tho eye 
of square iron and welding it to the rod. 

The author wishes to call attention to the superiority (in his opinion) of the 
simple method given for proportioning lower chord pins by formula over the apparently 
more accorate one previously explained. 

In the former method, when the proper proportion of width to depth of barb is 
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adbered to, tbe diameter of the plus will be almost eight-tentbti of the depth of the barfi, 
aud will be great enough to resist the bendiug- moments produced by any legitimate 
metliod of packing. Moreover, after the diameters of the pins have been deter- 
mined, the chord can be packed, if it be advisable, so as to reduce the bending* 
moments. This superabundance of strength in the pins is obtained at tbe expense 
of a slight increase in the weight of iron ; and the increased sizes of heads for diag- 
onals can do no harm, because they do not enter any limited space, as do the heads 
at their other ends. 

But if, by a skilful arrangement of the packing, we can so reduce the bending- 
moments on the pin?, that the diameters may be made small, and the proportion of 
width to depth of bars larger than that found in the last chapter, the pins may not 
be as strong as wc imagine them ; for we cannot be sure that all the bars are going 
to pull as we have assumed that they will. It may be that one of the outer bars is 
a trifle long, and will not pull at all until iho others are well stretched : what, then, 
becomes of our calculated bendiug-moments ? 

Any one of them may bo so gieatly exceeded, that the pin will be strained 
beyond the elastic limit, and will bend perceptibly, so changing the distribution of 
stress in the panel that one or more of the bars also may be strahicd beyond the 
elastic limit. 

But if the pin be large enough, or more than large enough, it cannot bend per- 
ceptibly : consequently the distribution of stress will be much more uniform, even 
if the barb be of slightly unequal lengths. 



CHAPTER XIV. 



PROPORTIONIKS OF OTHER DETAILS. 



The Bizes of stay plates used at the ends of systems of latticing or double-riveted 
lacing are given in Tabic XXEI. and the sizes of those used at the ends of systems 
of single-riveted lacing, in Table XKIIL The headings of these tables Ailly explain 
their use. 

Stay plates are to bo employed at the middle of posts (see PL IX, Fig. 8) 
when the diagonals are halved, and connected by pins passing through the posts ; 
their sizes being taken from the before-mentioned tables. Stay plates, if they can be 
so called, are also to be used on the lower portal struts, for the purpose of attaching 
the knee braces. 

Pin bearings are sometimes figured, counting iu both re-enforcing plates and 
web ; but the latter is often omitted. This would be necessary when the holes in the web 
are bored independently of tliose in the re-enforcing plates, for then it is very im- 
probable that the different holes will coincide ; but, when the re-enforcing plates are 
riveted to the web before boring, such a precaution is not only unnecessary, but is a 
waste of material. 

By consulting Table XVI. can be found at a glance, accurately enough for all 
practical purposes, the thickness of web of any Union Iron- Mills channel bar, when 
the weight is given, or vice versa. 

Where re-enforcing plates act also as splice platefi, there should be when prac- 
ticable one on each side of the web in order to insure a good, substantial joint. 

The length of a simple re-enforcing plate depends upon the number of rivets 
required, and is thus determined. Find, by dividing the stress given on the diagram 
of stresses between the various thicknesses of iron which constitute tlie bearings, the 
amount of stress which the plate considered is to carry. It is well, though, to make 
a liberal allowance, say twenty per cent, for the possibility that the stress may not 
be divided proportionately to the thicknesses. Next multiply the stress so obtained 
by the perpendicuUr distance between the central plane of the re-enforcing plate and 
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that of the plate or web re-enforced ; the product will be the momeut of the sti'ess apon 
the re-enforcing plate. Divide this moment by the working bending-moment, taken 
iirom Table XVIII, for a rivet of the diameter to be employed for the connection : 
the quotient will be the number of rivets required to resist bending. Next find, 
from the same table, the working bearing-stress for one of the rivets upon a 
plate of the thickness of the re-enforced plate or web, and divide it into the stress which 
the latter carries : the quotient will be the number of rivets required to afford sufficient 
bearing. The greater of the two numbers thus obtained is the one to be employed. - 
Next make to scale a drawing of the re- enforcing plate, laying out the rivets, if it be 
possible, symmetrically, and thus determine the length of the re-enforcing plate. 
In case of a re-enforeed pin hole, if the diameter of the hole exceed one-half the 
width of the plate, it will be necessary to put more rivets in front of the pin hole 
than beliiud it ; the ratio of the number in front to the whole number being equal to 
that of the diameter of the hole to the width of the plate. 

The method of proportioning spUce plates or connecting plates is somewhat 
similar. For iustiince, let us take the plates at a joint in the top chord ; which 
joint, for reasons stated in Chapter IV, is always to be placed a few inches to that 
side of the pin hole farthest from the middle of the span. The stress on tlie por- 
tion of the plates to this side of the joint is that due to the stress in the panel where 
the joint occurs ; while that on the other portion of the plates is due to the stress 
in the next panel towards the middle of span. The number of rivets on each side 
of the joint will be dependent upon the stresses carried by the channel bars of the 
two adjacent panels, which stresses are most readily determined by multiplying the 
area of the channels by the intensity of workmg stress given in Table VIII, and by 
which they were proportioned. The stress on each channel is to be divided equally 
or otherwise between the two connecting plates, and the number of rivets on each 
side of the joint is to be determined in the same manner as for re-enforcing plates. 

To determine the length of the cover plate, find in the same manner the 
number of rivets vpon each side of the joints which will take up the stress carried by 
the chord plate, which stress is to be found by multiplying the area of the section of 
the top plate by the same intensity as in the last case. 

At the hip joint the section of the connecting plates must answer two require- 
ments; first, their area (neglecting, on account of its being bent, the effect of the cover 
plat«) must be sufficient to transfer to the chord a stress equal to that in the first 
panel ; and second, that the pin bearing be sufficient for the resultant of the tensions 
in the diagonals and verticals meeting at the hip. The length of the cover plate at 
the hip cannot be calculated, for it carries no stress, simply adding to the rigidity of 
tlie joint, and keeping the rain therefrom. 

The area of the greatest section of the connecting plate at one side of the shoe 
made by a plane perpendicular to the direction of the batter brace should be equal 
to the area of one batter brace channel, or greater if the shoe pin require greater 
bearing than this would afford ; and there should be enough rivets to transfer the 
stress from the batter brace channel to the connecting channel or plate. Should 
the batter-brace channels bear against the shoe plates, as they ought to do, there 
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\vill bo moro rivets tliau accessary; but such a bearing sliould not be couuted iipou. 

The rules for proportioning shoe, roller and bed plates are given in Chapter VI. 

At the intermediate strut connection, there should be enough rivets used in 
respect to bending and bearing to transfer the calculated stress upon the strut to 
t-he connecting plates. 

The method of determining the dimensions and number of rivets for extension 
plates on the upper ends of posts is similar to that explained for splice or connect- 
ing plates. 

The thickness of the re-enforcing plates at the lower end of a post is determined 
\>y the bearing required; and their length in the manner already described. The reason 
for cutting away the bottoms of the post channels is merely to pack the chord more 
closely, and thus reduce the bending moments on the pins. But, if the method of 
pin proportioning recommended be adopted, the necessity for cutting away the chan- 
nels, to any extent, vanishes ; for at tlie middle of the span the web stresses are so 
small, that their moments are neglected, and the pins at the feet of the other posts 
have an excess of strength. 

When, because of their large diameter, the lateral rods cannot be attached to 
the chord pins, but must be connected by vertical pins passing through the lateral 
stmt jaws, they must be made to pull on the middle point of each of the latter pins 
by using a double eye on one of the rods, with a space between large enough to 
admit the eye of tlie other rod. This is to avoid all tendency to rotate the lateral 
strut about its axis. The rods can be retained in place by fillers above and below. 

With this detaU, there is a tendency to break the jaw through the pin holes, 
because of the moment of the longitudinal component of the lateral rod stress : 
the jaw plate must therefore be made wide enough to properly resist this moment. 
The easiest way to proportion the plate is to assume its dimensions, and to find its 
resistance to bending, neglecting the area lost by the pin holes (which area is close 
to the neutral surface), and making up for the omission by providing a Uttle extra 
resistance. 

To illustrate the method, let us take a two-inch lateral rod, making an angle of 
forty-five degrees with the planes of the trusses, and let the distance between cen- 
tres of pin bearings be six inches. The stress on such a rod is 8.14 x 7.5 = 28.55 
tons, and the bending-moment on the pin is ^ x 28.55 x 8 = 85.8 inch tons, cor- 
responding (vide Table XIV) to a diameter of three inches and a fourth. The dis- 
tance from the axis of the pin to the centre of the jaw bearing will be about 
1|// + 2'' + 1" + J" = 6". The longitudinal component of the stress on the lateral 
rod is 28.55 x 0.7 = 16.6 tons, making the moment on the jaw about 5 x 16.5 = 82.5 
inch tons. The thickness of the jaw plate should be i'', and let us assume the width 
to be 7". The renistiug-moment is given by the well-known formula, 

where 11 = 11.25 tons. / = •^^iV' = ^^ x V« x (7)^ and rfi = \. Substituting, 
gives 
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,^ 11.25 X f X 7 X 49 X 7 X 2 . . . . , , , 

Ja = ^ — ^ = llo inch tonsi uearl}'. 

The difference between 115 and 82.5, or 32.5 hich tons, is greater than the resistiag- 
moment of the material lost by the pin hole : so the dimensions assumed are ample. 

A similar calculation is necessary at the portal rod connection to portal struts. 
It is evident that the pin holes just treated should be placed as near the ends of the 
stmt as circumstances will permit, in order to reduce the bending moments on 
the jaws. 

It is not customary to calculate the thickness of a beam lianger plate, but to 
make it from an inch to an inch and an eighth : it can, though, under certain as- 
sumptions be calculated. If the load on a plate be considered uniformly distributed 
over the portion between the beam-hanger holes, and if the flange of the beam be 
supposed to take up no bending-stress, the plate may be considered as a beam sup- 
ported at the ends, and uniformly loaded. For instance take the case of a twenty- 
foot panel of a single track bridge ; the reaction at each end of the beam is about 
18.5 tons. 

Suppose the centres of the beam hanger holes to be situated on the corners of a 
il'f X 6^' rectangle, the latter dimension being transverse to the bridge, and that 
the sides of the plate are 8" and 9", then the bending moment is 

M = i W/ = i X 18.6 X 4.5 = 10.4 inch tons. 

The resisting moment is ^, where R =-. 4 tons, I - moment of inertia = i W =r 

i tP and d^i =: |. Equating the moments, substituting and solving, gives rf = 1.3 
inches. 

But as the flanges do assist in resisting the bending, and as some of the weight 
comes upon the plate outside of the beam hangers, it is safe enough to take the 
thickness as low as an inch and an eighth. 

Lacing, or, as it is often improperly termed, single latticing, is about the most 
common detail for keeping pairs of channel bars in hne : nevertlieless, it must be 
inferior to lattioin^c* especially when the lattice bars are riveted together at their 
intersection. By inspecting Tables XXII. and XXIII. it will be seen that a system 
of lacing-bars with one rivet at each end of a bar requires much larger stay plates at 
the ends than does a corresponding system of latticing or double-riveted lacing. 

The actual sizes of lattice or lacing bars for any strut can be determined only 
by experiment : it is thought that those given in Tables XX. and XXI. are so 
strong, that the struts on which they are employed would break in the channels 
rather than in the bars, and yet not so heavy as to cause much unnecessary use of 
material. It will be seen also in these tables, that the requisite dimensions of 
latticing and lacing bars depend not only upon the sizes of. the channels winch they 
connect, but also upon the distance apart of these channels : this is due to the fact 
that the bars are subject to compression as well as to tension. The lengths and 
Aveights of latticing and laciug bars can be foimd from Table XIX. It must not be 
forgotten that these lengths are to be used for estimates onhj ; as they were obtained 
from a diagram, and not checked by calculation. 



CHAPTER XV. 



UOUULE TRACK BRIDGES. 



For reasons given in Cliapter I, special attention has hitherto been given to 
single track bridges, but as the Japanese engineer may sometime be called upon to 
design a donblc track bridge, t]ierc will be given in this chapter, althoagh t]iey may 
have been previously mentioned, the principal differences between bridges for sin- 
gle ti*ack and those for donblc track roads. 

In the first place, of conrse, donble track bridges are wider and their live loads 
twice as great as for corresponding single track bridges. This causes the weight 
of the track stringers and floor system proper to be doubled, and a large increase 
on the size and weight of the floor beams. The live and dead load stresses ou 
the trusses are about doubled, thus necessitating in many cases the abandonment 
of rolled channels for the top chords and batter braces. 

The total wind pressure per Uneal foot is increased because the area of the ver- 
tical projection of one truss is greater, and as the trusses are farther apart the 
lengths of all the members of the lateral systems and sway bracing are increased, 
consequently the weights of these portions of the structure are doubly augmented. 

For reasons given in Chapter IX, the stresses in the vertical sway bracuig are 
greatly increased. The wind pressure need not be considered to affect the stresses 
in the chords or posts, for in the first place ceteris parilnts tlie wind stresses both 
direct and indirect are reduced by the increase of width of bridge, and in the secoud 
place they are relatively less important by reason of the doubling of the Uve and 
dead load stresses. For the same reason stiffened bottom chords are not required 
in double track bridges. 

In these few particulars only does the designing of double track bridges differ 
from that of single track bridges, and the author is confident that anyone who has 
thoroughly studied the latter and perfected himself therein will have no trouble 
whatsoever with the former. 



CHAPTER XVI. 



ECONOMY. 



The first point to be ccnsideredy when deoiding apou the style of bridge for a 
certain stream crossing, is the nnmber of spans. It is, in reality, a consideration 
of economy which determines this; for the best bridge to build, provided that the 
water-way be not too much contracted, is the one for which the sum of the cost of 
superstructure and the cost of foundations is a minimum. If tiie water-way be 
too much interrupted, the design would not be an economical one, even if its first 
cost were the least, because of the risk of washout to which the bridge would always 
be subject. 

In most oases there is not much choice concerning the number of spans, local 
considerations often determining it ; but there is occasionally a choice between two 
or even three numbers. The only way, then, to decide is to make a rough es- 
timate of the cost of the superstructure and the foundations for each number ; then, 
if the choice fall about equally between two numbers, it is better nearly always to 
adopt the longer spans, because the actual expense for the f6undations usually ex- 
ceeds the amount of the preUminary estimate. 

The spans in this country at river crossings are in the author's opinion al- 
together too short considering the sudden rises and the immense volumes of water 
in the mountain torrents. 

The recent washouts in the neighbourhood of Kioto will give force to this 
statement. 

The next economic consideration is that of depth of truss. Upon this subject 
much has been wi'itten, and many investigations have been made ; the general con- 
clusion being, that the depth should be from one-seventh to one-tenth of the span : 
some EngUsh writers say from one-tenth to one- fourteenth of the span ; while only 
one, as far as the author knows, — Benjamin Baker, Esq. C. F., in his treatise on 
'* Beams, Columns, and Arches, " — makes it from one-fifth to one-seventh of the 
span* 
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Saoh investigations being purely mathematical, and involving the use of the 
differential oalcnlus, are of little practical valne, as they cannot take into»accoimt 
the numerous variables that ought to be considered. Not only do the stresses in 
a truss vary with the depth, but also the intensities of working- stress in the com- 
pression members. These, again, vary with the number of panels ; and this 
variation is according to a law or laws altogether too complicated to be handled by 
the calculus. Again : tlie intensity of working- stress varies, or should vary, accord- 
ing to the position and importance of the member. 

In view of the complexity of the question, and wishing to determine the most 
economic depths for Pratt and Whipple trusses, the author, a year or two ago, tmder- 
took to solve the problem in a practical manner by figuring out a number of dia- 
grams of stresses, and bills of materials. At first he considered that it would be 
necessary to calculate the total actual cost for every case, but upon further inves- 
tigation found that it would be sufficient to figure out the sections and weights per 
lineal foot of the different members of one truss, multiply these by their respective 
lengths, and sum up the products, neglecting all consideration of details, because the 
differences in the weights of the latter balance each other. Thus, if the depth of a 
truss be increased by one foot, there would be a little increase in the weights of ihe 
lattice bars and rivets and a decrease in that of the pins and eye-bar heads. These 
may be taken as balancing each other, without making any appreciable error. 

' The most economic length of panel was at the same time investigated, and was 
determined, without preparing complete bills of materials, by considering only those 
portions of the structure which are affected by the variation in the number of panels. 

Economy in pony trusses is an element which ought seldom to influence the 
design, for a good bridge of this kind will generally require more iron than the or- 
dinary calculations demand. Instead of trying to avoid a little expense, regard 
should be paid to obtaming a good distribution of plenty of material, in order to 
partly compensate for the lack of rigidity which is characteristic of the pony truss. 
In very wide pony-truss bridges, espcciaUy when the length of span approaches its 
superior economic limit, it might be well to make a few calculations concerning the 
economic depth ; but the number of panels should be regulated by the slope of the 
batter braces, which should never be less than two horizontal to one vertical. 

The superior economic Umit of the pony truss is not a fixed quantity, but 
decreases as the width of the bridge and the load increase. 

After making out diagrams of stresses, and bills of materials, for over one 
hundred spans, the author came to the following conclusions r — 

Th it if the economic depth be calculated for any span, where the panel length 
is in the neighbourhood of twenty feet, and if the economic depth for the same span, 
but with one panel less, be calculated, the latter will exceed the former by one or 
two feet. 

The principal objections to the use of the double intersection for short spans arci 
thit, as the rods are long and slender, they will vibrate more than the shorter and 
Ivrger ones of the single intersection. Any flaw in a small rod will have a proper- 
tionat^ly greater injurious effect than the same sized flaw in a larger rod. Long 
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lor the top cUordd and batter braces, and if the ^ectiutut alone would indicate a saving 
of say three hundred pounds of iron by the use of the twelve-inch channels, the 
otherd woull bo more economical ; for the twelve-inch channels require larger stay 
plates, lattice barn, and re-en forcing plates, besides a wider top chord plate, which 
would increase the weights of tho cover plates, chord pins, post latticing, post stay 
platcH, shoo plates, otc, and even add a little to the lengths of the floor beams. 



CHAPTER XVn. 



BILLS OF MATERIALS, AND ESTIMATE OF COST. 



lu making out bills of materials, the list of members giveu iu Chapter III. will 
prove of great assistance. By its use, one can avoid an imderestimate due to an 
omission of any of the parts of the structure. A good way to make out a bill of 
material is to prepare six vertical columns, in the tirst of which write the name of 
the member; in the second, the number of pieces; in the third and fourth, the 
dimensions determining their section ; in the fifth, their length ; and in the sixth, the 
weight of all the pieces, or, if of wood, the number of feet, board measure, that they 
contain. 

The following example will serve to explain the method : — 

BILL OF WROUGHT-UION. 



Chord channels 


i^ 


r 




22' 


2,772*» 


Batter-bnice channels ... 


8 


8" 


35'9" 


5,575" 


f^iaie ••• ••• •>• ••• ••• 


I 


k" 


11* 


•262' 


2,620" 


Post channels 


8 


S" 


6i» 




/^ ^2' 


1,144" 


Lateral struts 


4 


4" 


6» 




15' 


560" 


Lateral struts 


4 


S" 


6r 




li' 


390" 


Main diagonals 


8 


r 


i\" 


54' 


1,020" 


Counters 


8 


r 


r 


55' 


525" 


Etc 













It is to be noticed that it is often convenemt as in the case of the '' Plate " to 
combine several lengths into one. 

To the length of each chord bar, main diagonal, and hip vertical is to be added 
three feet to allow for the weight of the heads ; and to that of each adjustable rod 
about five feet, for the heads, upset ends, and sleeve nuls or turn buckles. Should 
greater accuracy be required for the weight of an adjustable rod, it will be necessary 
to ascertain what length will be needed at each end for the heads, and how much for 
the upset ends and adjusting-nuts by the following 

TABLE OF EQUIVALENT LENGTHS OP RODS FOR UPSET ENDS, 
NUTS, SLEEVE NUTS, AND TURN BUCKLES. 



4" —1" 
lA"— li" 
lA"-*" 


I upset end and i nut 
I upset end and i nnt 
I upset end and i nut 
I upset end and i nut 

1 upset etids and 1 sleeve nut 

2 upset ends and i turn buckle 


i\ feet of rod 
\l feet of rod 
i| feet of rod 
ijt feet of red . 
2| feet of rod 
5 feet of rod 
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These equivalent leugtbs do not include the lengths of the upset ends themsel- 
ves : they represent simply the extra lengths to be added to the bar to equalize the 
weight of tlie nuts, sleeve nuts, or turn buckles, and the extra iron for enlarging the 
ends, which are six or eight inches long. 

It is not necessary in a preliminary estimate to find the exact quantities of 
materials, so approximations to actual dimensions can be made. This will be fully 
illustrated in the next chapter. 

The following table, taken from Carnegie's ** Pocket Companion,'' will be foimd 
useful in preparing bills of iron, as will also many of the tables given in Chapter II. 



WEIGHT OP EI VETS, and BOUND HEADED BOLTS WITHOUT | 








NUTS, PEE 100. 








Length from under head. 


One cubic foot weighing 480 Ibc 1 


Length. 
Inches. 


r 

Dia. 


Dia. 


Dia- 


r 

Dia. 


Dia. 


I" 
D'a. 


Dia. 


Dia. 


1 


5.4 
6.1 

6.9 

7.7 


12.6 

15.9 

15.5 
16.6 


21.5 

2}.7 
25.8 

27.9 


28.7 

J4.9 
37.Q 


43.1 

47.3 

51.4 
55.6 


65.5 

70.7 

76.2 
81.6 


91.5 
98.4 

105. 

112. 


123. 

'33- 
142. 
150. 


2* 
5 


8.5 

9.2 

lo.o 

10.8 


18.0 
19.4 

20.7 
22.1 


30.0 
31.2 

364 


41.0 

44.1 
47.1 
50.2 


59.8 
63.0 
68.1 

7^.3 


87.1 
92.5 
98.0 

103. 


119. 
126. 

133. 
140. 


159. 
167. 
176. 
184. 


i 

4 


II.5 

ij.i 
13.8 


^5.5 
24.8 

26.2 
27.5 


38.6 
40.7 
42.8 
45.0 


55.} 
56.4 

59.4 
62.5 


76.5 
80.7 
84.8 
89.0 


109. 

114. 
120. 

125. 


147. 

154- 
161. 

167. 


195. 
201. 

210. 

218. 


4* 
4i 
4» 

S 


14.6 

15.4 
16.1 

16.9 


28.9 
30.3 
31.6 
53.0 


47.1 

49.^. 
• 51.4 

555 


65.6 
68.6 
71.7 
74.8 


93.^ 

97.4 

102. 

106. 


131. 
136. 
142. 

147. 


174. 
i8z. 
188. 

195. 


227. 
236. 
244. 

453. 


5* 

a 

,6 


17.7 

19a 

20.0 


54-4 
55.7 
57.1 
38.5 


55.6 
57.7 

59-9 

62.0 


77.8 
80.9 
84.0 
87.0 


110. 
114. 
118. 

122. 


153. 
158. 
163. 
169. 


202. 
209. 
216, 
223. 


261. 
270. 
278. 
287. 


6i 
1 

I* 


ai.5 
aj'o 
34.6 
a6.i 


41.2 

4J.9 
46.6 

49-4 


66.3 
70.5 
74.8 
79.0 


93.2 

99. J 
106. 

112. 


131. 
139. 
147. 
156. 


180. 

191. 

202. 
213. 


236. 
250. 
264. 
278. 


304. 

338. 
355. 


8V 

9 

9} 
to 


«7.6 
29.2 
30.7 
31.1 


5a.i 

54.8 

57.6 

. 60.J 


83.3 
87.6 
91.8 
96.1 


118. 
124, 
130. 
136. 


164. 

r8i. 
189. 


223. 
234, 

245. 
956. 


292. 
306. 
319. 

333. 


372. 
389. 
406. 

4«3. 


II 

Hi 

1% 


33.8 

35.} 
36.8 

J84 


63.0 
65.7 
68.5 
71.2 


lOf. 

105. 
109. 
113. 


142. 
148. 

155. 
161. 


198. 
206. 
214. 
223. 


267. 
278. 
289. 
300. 


5^47. 
361. 

375. 
388. 


440. 
457. 
474. 
491. 


Heads. 


1.8 


5.7 


10.9 


134 


22.2 


38.0 


57.0 


82.0 
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i3efore cousideriug a bill of material as finished, it is Avell to look it over to 
see that no mistake has been made in the nnraber of the pieces. It is not an un- 
common error to put down only half the correct number. 

As soon as the bills of iron and lumber are made ont and checked, the dead 
load per foot should be calculated, to see if it agree with the one assumed within the 
limit specified in Chapter VI. 

Estimates of cost should be liberal; for, as a rule, the actual profits on bridges 
I'all short of the amounts estimated. They can be made very readily by using a 
blank similar to the following : — 



Eiitimateon Bridge aerofn 



Length ttpan, .ft. Height, .ft. Clear Roadway^ .ft. 

Static Load per litual ft.^ /ft*. Momng Load per lineal 

ft., Ihii. Weight of engine,,, Iha on,,,,. ^.icheeh 

So. ofPaneU Length of PaneU • ./^ 



Wrottght-iron, Ihs @ 

CoMt'iron, lbs @ 

Lumber^ ft @ 

Pilet, ft @ 

Hauling, lomlt @ 

jrreignt ,,, ,,, ,,, ,,, ,,. ,,, ,,, ,,. ,,, ,,. 
^TuJRXng ,,, ,.. ,». ,,, ••• ••• ■•• ... 

Falsework 
Erection •.. 
Painting.,, 
Blackimitking 
Coal 

Freight on tooU 

TraffelUng expenses 

Men's time trapelling 

Engineering expenses „ 
Teaming during construction 
Incidentals 

Total cost of hi idge • • .., ..• ••• 

Cost per lineal foot,,. 



,.. ,». ••• ••• ••• 

••• ••• ••• •.• ••. 

••• ••• ••• ••• ••• 

••t ••• ■•• •*• ••. 

••• ••• ••• ••• ••. 

•*• ••■ ••• ••• •.• 

••• ••• •.• ••• ••• ••• ••• 

••• ••» ••• ••• ••• ••. ••• ••• ••• ••• ••. ••• ••• ••• 

••• ••• ••• ••• ••• ••. •«. ••. ••• ••• ••• ••• ••• ••• 

••• ■•• ••• •.• ••• ••• •■• ••. ••• ••• ••• ••* ... ... 

••• ■•• ••• •.. ••. ... ... «•• ••• ••• ••• ••• ••• 

•** ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••■ ... ••• 

••• ••• •.• ••• ••• ••• •.. ••. ••. ••• 

••• ••• •.• ••• ••• ••• ••• ••• ••• ••• ••. ••• 

••. ••• •*• •.. ••• ••• •*• ••• .••• ••. 

•• ••• ••• ••• ••• •.• ••• •/• ••• ••• ••• 

••• ••• ••• ••• ••• ••• ••• .«. ••• ••• 

••• ••• ••• ••• ••• ••. ••• ••• ••• ••• ••• ••• ••• ••• 



••• ••• ••• ••• ••• ••• ••• ••. ••• ••• ••• 



yen 



sen 



On fair country roads a day*8 work for one man may be averaged at 500 pounds 
drawn 5 ri, that for a horse 1600 pounds drawn 5 ri and that for a bullock 8800 
pounds drawn 4 ri : this allows for the time lost in returning with the empty carts'^- 

The designing of falsework will be treated in Chapter XXIL Its cost will 
include that of the piles in place, if any be required, and that of the lumber, to which 
should ber added about two yen per thousand for framing and raising, and a yen per 
thousand for taking down. Falsework timber can generally be sold for something 
when the bridge is completed : so a reduction may be made in its cost when the 
estimate is to be a close one. 

* These data have been obtained tLxongh the courtenyof Takiaiobn R8no, Esq. M. E. Assistant 
Kiunn«er, Tokio-Takasaki B'y. 
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The cost of erection can bo found approximately for ordinary conditions from 
the following table. It mnst not bo forgotten that there is a great variation in the 
cost of erection ; for it depends upon the locality, weather, skill of laborers, efficiency 
of foreman, etc. Those who feel inclined to question the correctness of this table 
should make some allowance for the difficulty which the author has experienced in 
getting any data whatsoever upon the subject. 



Span. 


Yen. 


Si>an. 


Yen. 


Span. 


Yen. 


6cy 


60 


150/ 


550 


240^ 


lOIO 


7C/ 


70 


160^ 


420 


250' 


1100 


80* 


no 


170' 


480 


260' 


1200 


90* 


I JO 


! 180^ 


550 


27^ 


IJOO 


loo' 


150 


1 190^ 


620 


j 280^ 


I4I0 


iicy 


170 


1 20c' 


690 


! ^90* 


1520 


I2C/ 


200 


i 210^ 


770 


50c 


1630 


I}C/ 


240 


220* 


85© 


1 




HO' 


280 


23c' 


950 


1 





In the following table will be found approximately what it ought to cost to give 
three good coals of paint to bridges of the different spans. 



• 

Span. 


Yen. 


Span. 


Yen. 


60^ 


40 


200^ 


500 


Sc/ 


70 


220^ 


350 


100' 


100 


240^ 


410 


120' 


125 


ado' 


470 


140^ 


160 


280^ 


5 JO 


i6i^ 


200 


JOC 


600 


jBof 


250 







The data, from which this table was made, were, taken from the actual cost of 
painting two Tokio bridges. The contractor's figures were 20 sen per tsubo 
(86 square feet) for the first coat, the object of which is to prevent rust, 12 sen per 
tsubo, for the second coat, and 24 sen per tsubo for the third or finishing coat, mak- 
ing in all 66 sen per tsubo. 

To the author's American ideas the figures of cost given in the table seem exor- 
bitant. At the time when the Tokio bridges referred to were painted labour was 
more expensive than it is now, and kinsatsu were cheaper, so it is more than probable 
that, if present prices were used, the figures in the table would be materially reduced. 
But as both labour and kinsatsu are always varying, this table will be as good as any 
other; for by dividing by 66 the cost there given for any particular case and 
multiplying the quotient by the proper charge per tsubo will be found the" probable 
cost of painting for any number and quality of coats of paint. 

In the following table the author has endeavoured to give what he considers 
ought to be the total actual cost for the single track bridges of this treatise. He has 
assumed the cost of finished wrought iron at the nearest railway station or seaport to 
be six sen per pound, that of cast iron fbnr sen per pound, lumber twelve yen pier 
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Uioasaud, falsework two yeu per lineal foot of bridge, hauling one yen per ion, 
erection and painting as per tables, blacksmithing and coal fifteen sen per lineal 
foot of span, travelling expenses thirty sen per Uneal foot, engineering expenses 
from one to two yeu per lineal foot, teaming during construction fifteen sen per 
lineal foot, common labourer's wages twenty five sen per day, and incidentals ten 
per cent. 

If there be two spans in the bridge, the estimated cost of the two may be 
reduced by five-per cent., if there be three, the total cost may be reduced by six per 
cent, and, if there be more than three, by seven per cent. 



Span. 


Yen. 


Span. 


Yen. 


Span. 


Yen. 


ec 


5.500 


15c' 


12,710 


24C 


3i,oco 


70^ 


4.170 


160^ 


14,540 


250* 


33.450 


SC 


4»950 


17c' 


16,790 


260' 


36,150 


9<y 


5,630 


iSo* 


17.^50 


27^ 


39.450 


IOC 


6,650 


190' 


19,850 


280' 


49,500 


iicy 


7,440 


200* 


21,800 


290* 


46,500 


120' 


8,580 


210' 


14.130 


ICOt 


49*5<^o 


IJC 


10,110 


12c' 


26,100 






14c' 


11,500 


iJO' 


28,060 







One paper yen has been taken equal to ninety-five cents in Mexican or Japanese 
silver, and one dollar or yen of the htter equal to ninety cents gold. The prices 
used for iron are American. The prices in the table are in paper yen : they should 
always be changed to suit the varying values of paper and silver money in compari- 
son with gold as a standard. 

It must not be forgotten tliat the estimated costs in the table are for arerof/e 
conditions, such as fairly good roads and weather, absence of freshets, a single tier 
of framed falsework on piles not exceeding twenty feet in length, a favourable loca- 
tion at site for storing materials, erecting tents &c., no probability of a scarcity of 
labourers or of their being attacked by disease, workmen to provide food and shelter 
for themselves, no special tools required, and no extraordinary loss of tools or 
timber. 

Before making an estimate on a bridge, one should endeavour to obtain as 
many as possible of the following. 

DATA FOR DESIGNING IRON RAILROAD-BRIDGE SUPERSTRUCTURES, 

AND ESTIMATING THEIR COST. 

Length of span or spans. 

Distance of bridge site from nearest railway-station or seaport. 

Quality and condition of the roads between these places. 

Nature of bed of river, and velocity of stream. 

Height of lower chord above bed of river. 

Gross section of stream at crossing, showing borings, if any have been made. 

Angle which the direction of bridge makes with axes of piers or abutments. 



^ 154 — 

Nature of the conutry at the site. 

Any special difficulty that may be anticipated for the raising. 

Kind of falsework it would be advisable to tise. 

Cost of piles at various places in the neighborhood, if any be required. 

Cost of transport of same to site. 

Cost of timber per thousand for falsework. 

Probable value of falsework timber after bridge is £nished. 

Cost of withdrawing pilep, if necessary. 

Number of lineal feet of piles required. 

Number of feet o/lumber for falsework. 

Cost of spikes, bolts, and nails for ftilsework. 

Cost of driving piles. 

Cost of transporting pile-driver to and from site. 

Common laborer*s wages. 

Skilled laborer*s wages. 

Foreman*s wages. 

Wages for team and teamster. 

Cost of superintendence by engineer or engineers. 

Number of days* teaming on work. 

Date when bridge must be finished. 

Probable length of time it will take to raise and complete bridge. 

Chances of fair or foul weather during this time. 

Chances of having falsework carried away by a sudden rise or an ice-gorge. 

Chances of a scarcity of laborers. 

Chances of sickness among laborers. 

Expenses attendant on same. 

Cost of tents or other housing for laborers, if any. 

Cost of iron at mill or foundry. 

Cost of transport of same to nearest railway-station or seaport. 

Cost of lumber per thousand at mill or market. 

Cost of transport of same to nearest railway- station or seaport. 

Probable expenses for blacksmithing and coal. 

Cost of tools, if it be necessary to buy special ones. 

Wear and tear of plant, and loss of tools. 

Loss of bolts and timber. 

Actual cost of raising similar structures under similar circumstances. 

Travelling expenses of employees to and from site. 

Engineering expenses. 

Office expenses in preparing plans, etc. 

Advisable allowance for contingencies. 



CHAPTER XVIII. 



COMPLETE DESIGN FOR A BRIDGE. 



Let the bridge to be designed be a ihrongii bridge of one span for a single straight 
track 'and let tlie length of span be 168 feet from centre to centre of end chord pins. 

From Chapter VI. we find the live load to be 1160 pounds per lineal foot. 
Consulting Table I. we see that there should be eight panels, making the panel length 
21 feet, that the depth of truss should be 25 feet, and that the probable dead load 
may be assumed as 1480 pounds per Uneal foot."^ 

In Chapter VII. we find the engine excess for one panel of one truss to be 10.7 
tons. Chapter VI. gives the clear roadway about 13.7 feet, and by consulting the 
diagrams on Plates XXVI. and XXVII. we find the probable width of chord plate to 
be 20 inches or 1.7 feet, making the width of bridge between central planes of trusses 
15.4 feet. 

From Chapter VII. we find the wind pressures per lineal foot when the bridge is 
empty to be about 180 pounds for the upper lateral system and say 810 pounds for 
the lower lateral system ; also 240 -f- 200 = 440 pounds per lineal foot for the 
lower lateral system and say 120 pounds for the upper lateral system wlien the 
bridge is loaded. 

From Chapter VIII. we find the approximate value of ir4 to be 800 pounds, and 
that of tr, 810 pounds. 

The tangent of the inclination of a diagonal to the vertical is ~^^ = 0.84. 

Tlie corresponding secant (vide Table II) is about 1.806, making the length of 
the diagonal 25 x 1.806 = 82.65 feet. 

The tangent for the lateral systems is ,-j^ = 1.8GJ. 

From tbe preceding data vie can fill ont the following list. 

B = 8 ^= 0.7548 

/ = 21 ^860^'= 0.9858 



* It would have been better to ossnine the dead load to be 1487 pouoda per lineal foot. The 
re*8on for not having done so is that this chapter was written before Table I was quite finished. 
The difference being le^g than four per cent is of no importance. *> 
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d=>2o 


TT, sec ^ = 


9.805 


b r= 15.4 


4 IKi sec ^ = 


4.903 


tliag = 82.6.> 


W" tan tf = 


11.879 


secO = 1 .30G 


i W" tan ^ = 


5.689 


tan = 0.84 


£ _ 


1.3375 


tan 6'= 1.301 


^ sec tf = 


1.7468 


W = c.O;W 


*■ tan 6 = 


1.1235 


n\= 7..J08 


W.tm0'= 


4.440 


W'= 2.5(M) 


i Wt tan tf'ri 


2.220 


1^'= 13.54(1 


Wjtan^'- 


6.302 


TFj= 8.255 


1 W,tan 6'= 


3.151 


jr, = 4.620 


Wt tan ^ = 


2.764 


W, = :{.15() 


A W, tan ^ = 


1.S67 


lf,= 3.255 


Wt tan 5 = 


3.661 


»K,= 4.358 


4 >K, tan (? = 


i.8;io 



E =10.700 

Tlie next step is to draw the skeleton diagram sliowii on Plate XIII., number- 
ing tlio pauel points from right to left, beginning witb zero at the end. Next bj re- 
ferring to Table III we find the stresses dne to the imiforra live load, the dead IomI 
and the engine excesses on each member of (he truss, add them together and irrile 
the sum in its proper place on the diagram. 

Tims the stress in tlie second panel of the top chord is 

74 JF" tan + ^ J? tantf=7| xll.3794-27xl. 1235=115.677. 

That in the end main diagonal is 

ftl 11 

~ TF sec 6 + 2{W,Qec + -^ E sec e 

- 21 X 0.9858 + 2 X 9.805 + 4.903 + H x 1.7468 = 64.430 

nnd that in the middle post is 

IW - ^Wi + iE + W' 

= 6 X 0.7548 - 3.754 + 5 x 1.3375 + 2.500 = 9.962. 

The next step is to find the wmd stresses on the windward bottom chord when 
the bridge is empty : they will be multiples of W^ tanQ', and the coefficients are 
given in the Table V. There is no need to enter these stresses on the diagram, but 
they should be written upon a temporary diagram, as in the accompanying figure, 
followed by the letter C- to denote tliat the stress is compressive* 
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Thns the stress in tlie aeeond panel is 

6 JFjtan e'=G x 4.440 = 26.640. 

The next step is to find the redaoed dead load stresses when the bridge is em* 
pty: they will be multiples of WofaftOt aud the coeffioients are gi^n in the 
column for W^ in Table III. 

They are to be written on the same diagram under the other stresses and are 
to be followed by T to denote that they are tensile. Thus in the second panel the 
stress is 

3i JT, tan (? = 3 X 3.661 + 1.830 = 12.813. 

The next step is to subtract the yalues of T from the corresponding values of 
C, m order to find the greatest aetual compressive stresses that can ever come npon 
Uie chord. The largest of these differences is 18.827» and it is well to proportion 
the whole bottom chord to resist this compression, so as to simpUfy the drawings 
aud shop work. There will be but little waste in so doing, for the different panel 
lengths of the strut will have to act as tension members, and their effective areas 
are to be subtracted from the total sections required, when finding the necessary 
areas for the chord bars. 

The next step is to find the wind stresses in the leeward bottom chord when the 
bridge is covered by the train: they will be multiples of TT, tanO', and the coeffioi- 
ents are given in Table Y. 

Thus in the third panel the stress is 

6 If, tan fl'= 6 X 6.302 = 37.812. 

The streMce thus determined are to be written oa the principal diagram beneath 
the live and dead load stresses already found. 

The next step is to find the stresses in the leeward bottom chord dae to the 
transferred load, when tiie bridge is covered by the train: they will be multiples of 
fFg tanOt and the coefficients are given in Table HI. under the heading Wi. 

Thus in the third panel the stress is 

6 JTjtan e = 6 X 2.734 = 16.404. 

The stresses thos determined are to be written nnder those last found, and the two 
or three etresses for each lower chord panel are to be added together, the sum being 
placed beneath. 

The next step is to find the sections required for the tension members. 

The live and dead load stresses of the bottom chord are to be divided by five, 
and the combined stresses by seven and a half, and the greater result taken. By 
inepeoling the diagram it will be seen that the combined stresses determine the sec- 
tions in every case but that of the end panels. The intensities for the main dia- 
gonals are 5, 4f and ii tons, which divided into the proper stresses give the 
eections required as marked on the diagram. 

To proportion the counters we must first decide whether they are to be single 
or double^ then consult Table VL With channel struts in the bottom chords, smgle 



— 158 — 

Cormiers are preferable, altbongh they necessitate rather large pins for the upper 
chord. Looking down the column for square sections headed . <' Intensity of Work- 
ing Stress = 4 tons " in the table we come to a stress of 9.81, the next greater value 
to 9.746, and following out the horizontal line containing this stress we see that a 
II}'' square bar will be required. 

Although theory does not call for one, we will put a single V round counter in 
the third panel, to aid in adjusting the bridge and to assist in taking up shock. 
By referring to Table Vn. we see that two 1\" x 2^' bars will be required for the 
hip verticals. 

Next let us proportion the bottom chord strut. The greatest stress was found 
to be 18.827 tons. It will be necessary to use six inch channels, for the webs of 
smaller ones would be too much cat up by the pin holes. 

The ends of each panel length of strut may be considered fixed, and the number 

of diameters is ^ = 42. Consulting Table VIII. we find for tliese data a 

working intensity of 2.422 tons, which divided into 18.827 gives 5.7 square inches, 
corresponding to two 6'' — 9.5* channels. As this member acts as a strut only for 
wind stresses, it might appear better to employ Table IX., but because it acts also 
and generally as a tension member, it is better to employ a small intensity of work- 
ing compressive stress ; besides, as said before, any extra material put in the webs 
of the channels is not wasted, for it will assist in resisting tension. 

Beferring to Table XVI. we see that the thickness of web of a 6'' — 9.5* Union 
Iron Mills* channel is 0.8 inch. If we use f rivets for attaching the connecting 
plates at the joints, the area lost from each channel will be 2 x 0.8 x H ^ 0.4 IQ'^, 
and from the two channels 0.82a/' leavmg 2 x 0.8 x 6 — 0.82 = 2.78 say 2.80^ 
as the effective area of the webs, which area must be subtracted from S. B. in pro- 
portioning the bottom chord bars. 

By referring to Carnegie's sections of flat bars in Chapter II. we can propor- 
tion the main diagonals and. chord barjs as marked on the diagram. The pro- 
portion of width to depth of chord bars should be noticed : it is .made, as neatly in 
accordance with the theory of Chapter XIII. as circumstances will premit. For 
appearance the widths of the main diagonals decrease*^ towards the middle of the span. 

Next let us proportion the top chord. From Plates XXVI. and XXVII. we 
find that 12^' channels must be employed, winch makes the ratio of length to least 
diameter equal to 21. 

Beferring to Table VIU. we find the intensity of working stress for two fixed 
ends to be 8.548 tons, which divided into each of the stresses gives the sections re- 
quired as marked on the diagram. 

The width of top plate was assumed as 20^ (we will check it presently to see if 
it be sufficient), and its thickness should be i" (vide Chapter VI.), making the area 
f X 20" = 7.5 □". Subtracting this from each of the sections required and 
multiplying each remainder by ten sixths will give the weight of one channel bar for 
each panel as marked on the diagram. 

Next let us proportion the batter braces, for which the ratio, of length to least 



— 159 — 

diameter is 82.6$, aud the corresponding intensity from Table VIII for two fixed 
ends is 2.889 tons. Dividing this into 81.623 gives 29.29 square inches as the 
section required. 

Subtracting from this 7.5 square inches and multiplying the remainder by ten 
sixths gives 86.82 pounds as tlie weight per foot of each channel. 

Next let us proportion the posts. 

Assuming 12^ channels for the end ones, makes the ratio of length to least 
diameter 26, for which Table VIII. gives for two hinged ends an intensity of 2.71 tons. 
This divided into 87.122 gives 1817 Q^' as the sectional area of the two channels. 
Multiplying by ten and dividing by six gives 22.88 pounds per foot as the weight 
of each channel. Consulting Carnegie's channel sections in Chapter II., we find that 
this section is obtainable. 

Assuming ten inch channels for the next post makes the ratio 80, the intensity 
2.882 and the section required 9.98 D", corresponding to two 16.55 pound channels. 
It will be necessary, however, to use 17.5 pound channels, for the Union Iron Mills 
roll nothing between this and 16 pound channels. Let us assume six inch channels 
for the middle post, making the ratio 50, the intensity 1.256 and the section required 
7.98 Qf', corresponding to two 18.22 pound channels. This is not an economical 
section, so let us try seven inch channels, making the ratio 42.86, the intensity 1.565 
and the section required 6.87 n^', corresponding to two 10.62 pound channels, which 
we find from Chapter II. are obtainable. 

It is now time to look to the chord packing and see that the assumed width of 
top chord plate is sufficient, yet not too great. Beferring to Table VII. we find that 
the size of the beam hangers is !-&'' square. From Table XVI. we find the width of 
flange for a 12^' — 45.* channel is about 8.1" doubling wliich and subtracting the 
product from 20^' leaves 18.8.'^ The area of the top chord inner connecting plate 
should be a little more than half the area of one channel say 7 Off, which divided by 
12 gives about 0.6 say i'' or 0.68^' as the necessary tliickness. Subtracting twice 
this from 18.8 and allowing a clearance of i'f for the post inside the chord will leave 
12.42'' as the distance between inner faces of post channels. Allowing i'' for the 
thickness of the jaw plate at the foot of the post will leave 11.42" as the clear packing 
space. Into tliis must go foiu: main diagonals each 1'' thick, two beam hangers and 
the ehojrd strut. The sum of the thicknesses of the diagonals and beam hangers is 
6.68^ to'which adduig ^f' for clearance and subtracting the sum from 11.42 leaves 
4.29'' for the strut. As the latter should be about square, and as the connecting 
plates on the outside should be half an inch thick, the space required by the strut 
will be 7'', showing clearly that this arrangement will not suit. 

There is no reason why we should not pack the main diagonals outside of the 
middle post, therefore we will do so, and obtain 4'' more room. At the foot of the 
next-post there is just room enough, for two main diagonals go inside and two out- 
side of the post, and the counter passes between the chord strut channels. The 
same remarks apply to the feet of the end posts, and as there is abundant room at 
the upper panel points and at the shoe, we see that the assumed width of 20'' is just 
right. 
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This completes ike proportioniug of the maiu members of the trasses* 

The sues and weights of the track stringers and floor beams we will take 
directly from Tables XI. and XII., for the method of proportioniug these members 
was sufficiently exemplified in Chapter XII. 

We can either interpolate the sizes of the lateral, portal and intermediate struts, 
and of the lateral and vibration rods from Table XIII. or determine them more 
exactly by calculation. For the purpose of exemplification we will adopt the latter 
method. 

Let us begin with the upper lateral system. The panel wind load is 

2000 - ^-^^ ^^^' 

and the inclination of the rods to the struts is about equal to the arc whose taiigeut 
is the panel length divided by the clear roadway or 

tan -* j|^ = tan-* 1.533 or (vide Table II.) 66*53'. 

The corresponding secant is about 1.88 making the length of the diagonal 
18.7 X 1.88 tr: 26 feet. 

The following is, therefore, table of data 

w = 8 
W = 1.89 



- = 0.2363 



w 



and -^ sec = 0.4324 

Using the formulas at the beginning of Chapter IX. or employing Table V., we can 
calculate the stresses in the lateral struts and rods and record them as in the ac- 
companying diagram. 




For the lower lateral system we have the moving panel wind load equal to 
^Jl^ =: 2.52 tons, and the stotic panel wmd load s ^^ ta 2.10 tons. 

The secant will not differ essentially from that found for the upper lateral 
system. We can therefore fill out the Mowing table of data, the notation cor- 
responding with that of Chapter IX. 
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W 



n 



?i = 8 
W = 2.52 
Wi= 2.10 

IV 

- = 0.315 

n 

sec^ =0.5764 



JFjsec = 3.843 

Using the forraulne of Chapter IX. or employing Table V. we can calculate the 
stresses on tbe lower lateral rods and all the lower lateral struts except those between 
the pedestals, and enter them upon t'le following diagram 




To find the stress on the strut between pedest ils we mvL^i employ Equations 5 
and 6 of Chapter IX., and adopt the greater of the two stresses thus found. 

For Eq. 5, we have 

^ __ 810x2 1 - ^_ . 

Wt = —^^^ = I.SDtonr, 
6=^.^=0.715 1. 1, 



•iOiJO 



ano 



SnI'Stitntiig gires 

Cn = ~yS 2o.-, + — X ].89--^^0 71.j-0.<m0 ,- 1 1 ir.i] t<)ii8, 
For £q. 6 we l.ave 

iir>'> + H8n 

'' = m^, =l.-19tons, 



ftUd ^' = H'r, = 



810 



= 0.155 ton 
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Substitutinsr jrivcs 



o r>' 



C/= ^ X 4.62 + -^^ X 1.2C - ~ f 1.29 — 0.31) = 9.24 tons, 

allowing that when llie bridge is empty the stress ou the eud lower lateral strut is 
greater than when the span is covered by the moving load. The reader mast not 
coachule that such is the case for all spans, as it is probable that tlie reverse would 
ba true for spans exceeding two hundred and thirty or two hundred and forty feet. 

Next let us as;!ert.iiu the sircsses in the vertical sway bracing. 

Using the notation of Chapter IX. we can obtain the following datA 

7*' = i X 25 X 1 X 50 X ^- = 0.313 ton 

/' = J-^lfi — L- - 0.9 j.r, _ 0.1 .-,(5 = 0.781) ton 

b =: 15.1 
d = 2o 

/ = 10 

The stress in the vibration rod is therefore 

T^ . 2x25 (0.789 + 0.818) — 2x0.818x10 ^ . c^on 

VseC = ^^ r^-7 X 1.030 

lo.l 
= 5.824 
The stress in the intermediate stmt is 

C = ^ (0.789 + 0.313) - 0.313 = 2.442 tons. 

For the portal bracing 

P'= 4 X 32.6 X 1 X 50 X —^ = 0.408 ton 

* 2000 

p = 3i X iJi^-1^ = 3.308 - 0.204 = 3.104 tons 

p 90X21 A QJ p. 

''' 2000~- "-"^^ 

6 = 15.4 

d = 32.G 

/ = 13 

[C18)*+(12)»l* 17.7 , or * 

sec d = -^ '-j^ — '-^— = -jy- = 1.36 * 

The stress in one pair of vibration rods is therefore 

„, 2 X 82.6 (8.101 + 0.408) — 2 x 0.408 x 1 8 . ^a 

J. = ., - . X l.oO 

15.4 

* It is evident that this method of obtaining Mc^is approximate. 
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s. 19.285 
Tiie stress in the lower portal strut is 

C s ^^ (3.104 + 0.408) - 0.408 = 8.399 tons 

aud that in ike upper portal strut is 

C" = C7 + P - Pe= 8.399 + 3.104 — 0.945 = 10.558 tons. 

The portal stresses have been entered on the diagram for ilie upper lateral 
system. Next by referring to Table VI. and using the column for round sections 
beaded " Intensity of Working Stress = 7.5 tons/' we can proportion all the lateral 
aud the portal vibration rods as marked on the diagrams, also the intermediate 
vibration rods, which we find will have to be \jt' diameter. 

To proportion the intermediate strut we must add to the stress found the 
horizontal component of the initial tension in one vibration rod, which Table YI. 
ehows to be 1.25 tons. 

The cosine of the inchnation to the horizontal is ~~ = 0.81, making the hori- 
zontal component 1.25 x 0.84 = 1.05 tons and the total stress on the intermediate 
strut S«442 -f 1.050 = 8.492 tons. 

Consulting Table X. we see that a V* I-beam 14' long will have sufficient 
strength, but it will be well to use a 5'^ — 11 pound beam, as a 4^'beam allows very 
little room for the connecting plates to fit between the flanges. 

Next let us proportion the portal and lateral struts. Before doing so we must 
add to each stress already found, the longitudinal components of the initial tensions 
in all the rods meeting at one end of the strut. 

For example let us take the second lower lateral strut on which the calculated 
stress is 14.175 tons. The cosine of the angle which the rods make with strut is 
~ = 0.546. Table YI. gives the initial tensions on a 2^' square and a 2^'' round 
rod respectively as 4.128 and 8.125 tons, the sum of which multiplied by 0.546 is 
8.960 tons, which added to 14.175 makes 18.185 tons for the total stress. The 
length of the strut may be taken as 18.7 feet, and the depth of the channels may be 
assumed as 5 inches, even though larger ones might be more economical, for it is 
evident from Plate in. that the width of the strut should be kept as small as prac* 
ticable. These dimensions make the ratio of length to least diameter about 88, for 
which with one fixed and one hinged end, Table IX. gives 8.445 as the intensity of 
working stress. Dividing this into 18.185 gives 5.27 square inches as the section 
required, corresponding to two 8.78 pound channels. Consulting Carpegie*s sections 
in Chapter II., we find that no such channel is rolled, so it will be necessary to em 
ploy 9 pound channels. 

The icctiona of all the other lateral and the portal struts are found in a similar 
manner^ and are written both on the diagram of this c'lapter and on the principal 
diagram (Plate XIII.)» as are also the sections of the portal and lateral rods. The 
sections of the intermediate struts and vibration rods are marked on tlie principa- 
diagram npon the end vertical post. 
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Comparing tho sections of the members given in Table XIII. witli those found 
in this chapter we do not in all crises find an exact agreement. This is because tlie 
table was m.ide before the exact wind pressures per lineal toot were determined, 
nevertheless with one exception the agreement is sufficiently close. The exception 
is in the sizes of the upper lateral rods, which the taible gives as greater than those 
fonud in this chapter. This was done advisedly in preparing the table, in order to 
insure sufficient lateral stiffness to the bridges and thus prevent undue vibration 
under passing loads. It is only for spiins under 200 feet that this allowance is 
necessary. 

It is now a convenient time to test the size of the middle post to see if it be 
strong enough to resist tho bending and transferred load stresses due to a wind pres- 
sure of thirty pounds per square foot, in addition to the Uve and dead load stresses. 

Chapter IX. gives the stress produced by bendhig as 

(/' + / Q (rf-/) „ 

Here I* and / f have values equal to ^ of those used when calculating the 

stresses in the vertical sway bracing, while the values of d and / are the same as be- 
fore. The value of m is nearly l.l feet. The following is then the table of data 

V + Pi = 0.786 

d = 25 

/ = 10 

m = 1.1 

735 X 1 5 

Therefore C = jj x l.l ~ ^ ^^"^ (nearly). 

Using an intensity of five tons makes the section required for one clianuel« to 
resist bending, 1.00 square inch. 

The simplest way to find the value of tho transferred panel load V is to multiply 
the panel length by the wind pressure per lineal foot, multiply the product by the 
depth of truss and divide by the perpendicular distance between centres of trusses, 
reducing the result to tons. 

Thus V = ^\^^^ = about 2 tons. 

Using tho intensity for which the post was proportioned viz. 1.565 tonst and 
remembering that V must be equally divided between the two channels, we find the 
additional area .of each channel, necessary to resist the stress considered, to be 0.64 
square inches, making the total area of one channeli needed to resist the effeot 
of wind pressure, 1.00 -|- O.Gl = 1.64 square inches. This is sUghtlj greater than 
one half the area of one channel, or 1.59 square inches, as previously determined^ 
but the difference is so small that we will conclude tliat the post is strong enough. 

Next let us proportion the pins, beginning with the middle one of the bottom 
chord. 

The value of T in the formula M = ^ of Chapter XIII. is most easily obtained 
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Next let us calculate the size of tiie pin at tlie top of the oud vertical post. 
The chord bearing is given by tlie equation 

^= ^ + 0.75 = 2.1 " say 24 " 
and the post bearing by the equation 

These quantities make the lever arms 

I = i ( li + « ) = H " say 1 " to allow for play, 
and i ' = i ( 24" + H ) + 14 = " say 2*'* to allow for play- 

We must again suppose the outer bars with their stresses not to exist, therefore 
the vertical and horizontal components of -~- a 11.8 tons, determined graphically 
to be respectively 8.6 and 7.8 tons, are the stresses to be considered as producing 
the bending. 

The vertical and horizontal component moments are therefore respectively 

r = 8.6 X 1 = 8.6 inch tons 
and H = 7.8 X 21 = 19.2 inch tons, 
making the resultant moment 



M = -v/ (19.2)« + (8.6)« = 21 inch tons, 

corresponding to a diameter of Si". 

As there are but two diagonals in the next panel, the stress on one will be 18.6 
tons; and as the lever arms are but slightly greater in this case than in the last, 
we can obtain the resultant moment approximately by multiplying the preceding 

value by j|j| or 1.2, making the required value 25.2 or say 29 inch tons to allow for 

the slight increase in the lever arms. This corresponds to a 8i^' piUf which dimen- 
sion will not only be adopted for this panel point, but for convenience ako at the 
end of the outer vertical post. 

The same diameter may be adopted for the middle pin, or its proper tise may 
be determined in a similar manner. 

The total stress on the counter is 9.746 tons plus the initial tension of 8.881 
tons, as given in Table YI., or 18.080 tons. 

The half of this stress, 6.5 tons, passes to each side of the post and to each side 
of the chord, or would do so if a double eye were used on one counter. Tlie vertieat 
and horisontal components of this stress determined approximately by scale are S 
tons and 4.2 tons. The corresponding lever arms may be roughly taken as 5 inches 
and six inches respectively,making the component moments 

F = 5 X 6 = 25 inch tons 
and if = 6 X 4.2 = 25.2 inch tons 
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The restiliaht momeht is abont 

31 =1 25 v¥=z 85.8 inch tons 

eorrespondiDg io a 8f pin. As the horizontal oompoueuts of the initial tensions 
may be taken as balancing each other, the calculated value of H is too high, so we 
may conclnde that a 8i" pin will be strong enough. Had the counter stress been 
much larger, it would have been necessary to use double counters close together at 
their feet and spread apart at tlieir upper ends, so as to reduce the size of the middle 
top chord pin, because it is bad practice to let the single counters pull eccentrically 
upon the pin. 

The portal pins may be proportioned by assuming the lever arm of the stress 
on a portal rod to be IJ", and the stress (vido Table VI.) 10.298 + 1.875 = 12.173 
tonfs, making tlie moment approximately f x 12.17 = 18.7 inch tons, correspond- 
ing to a 2}'' pin, for the column iov lateral pius is to be used in this case. 

The stress at each bearing of the vibration rod connection to the upper lateral 
struts is (vide Table YI.) \ (6.205 + 1.250) = 8.78 tons; and the lever arm may 
be assumed as 2^^ making the moment 2\ x 8.78 = 8.89 inch tons, correspond- 
ing to a 2'' pin. 

The diameter of the bolt for connecting the vibration rod to the intermediate 
strut may be calculated; but, if it be assumed to be 1 2'', it will have abundant 
strength, provided that the round iron of the eye be properly flattened so as to 
redoce the bending moment. 

Vertical pins will be required for the lateral rod connections at the ends of the 
three lower lateral struts nearest each end of the span. As the lateral rods are 
single, they must be attached to the middle of the pins. To reduce the bendmg 
moment the centres of bearings must be brought as closely together as possible. The 
least possible distance is six inches, making the bending moment 8P, where 2P is 
the greatest working stress on the rod. The several values of 2 P as found from Table 
VL are 88.867,25.058 and 14.881 tons, making the corresponding moments 50.8, 
tnM and 21.57 inch tons and the corresponding diameters 8|'', 8i'' and 2}''. 

We ate now ready to proceed with the •* Bill of Iron,'* in making which, dose 
approximations of lengths are allowable. 

Let us prepare the blank form recommended in Chapter XVII., then turn io 
ihe list of members given in Chapter III., and fill out the form, proportioning as we 
go any details whose sices have not been previously determined. The filling-ont 
of the part denominated •• Main Portions " is a very simple matter, and needs but 
liMe explanation. It is to be noticed that the leugtlis of the chord bars and main 
diagonals have been increased by three feet to allow for the weights of the heads, 
and those of all adjustable rods by five feet to allow for the weight of the eyes, 
upset ends, and adjusting-nuts. 

The grouping of membei'S having some similar dimen^^ions is to bo observed. 
It involves considerable economy of labor if one h:is to estimate on many bridges. 
In filling out the last vertical oolumu, the tables of weights of flat, round and square 
iron near the end of Chapter II. will be found of great assistance. 
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Let us employ latticing for the top chords, batter braces, posts, and portal 
struts, and single-riveted lacing for the upper lateral struts, and bottom chord struts. 

Beferring to Tables XXII. and XXIII., we find the size of stay plates for the 
top chords and batter braces to be }" x 8}' , i being a little greater than £> ; that for 
t&e middle posts i'' x 7i", i being nearly equal to 2 2) ; that for the next larger 
posts -h" X 8t", d being less than 1.6 D but greater than \MD\ that for the largest 
posts f " X 8}", d being a little greater than D ; that for the upper lateral 'struts 
i" X 7t", d being a little greater than 1.6 D ; that for the 4" channel lower lateral 
struts ^^ X 7", d bemg a little less than 1.6 D ; that for the 6'' channel lower lateral 
struts i" X 8i", d being a little less than 1.25 D, that for the portal struts J" x 5 J", 
d being a little less than 1.26 D ; and that for the bottom chord struts i" x 9'', i being 
equal to Z>. 

To find the thickness of the connecting or reinforcing plates at the hip we must 
divide the area of the section of the first panel lonp:th of top chord by twice the sum 
of the depths of the outer and inner plates, i. e. 

To find the length of each plate beyond the centre of the pin hole, let us assume 
as an approximation that the total stress on the chord is equally divided between 
the four plates, making that on each one about 28 tons. The lever arm for this stress 
is ^ (t -f- i) - ^" making the moment ^«r x 28 - 12.94 inch tons. Let us use 
J" rivets, the working bending moment for one o" which (vide Table XVIII.) is 
0.494 inch ton, which divided into 12.94 gives 27 as tlie number of rivets requireil to 
resist bending. The total pressure on the bearings is about 46.6 tons, and as the 
web (vide Table XVI.) is nearly i" t^ick the working bearing prossiure for one rivet 
is (vide Table XVIII.) 2.G26, making the number of rivets required for bearing 

46.6 .Q 

showing that for the connecting plates of the top cliords the rivets need be propor- 
tioned for bending only. By making a rough sketch of the connection it is readily 
seen that we may use four horizontal rows of rivets two inches apart, and a pitch of 
8" without bringing the centres of rivet holes more closely together than good prac- 
tice allows. This arrangement will bring the end of the plate about 28" from the 
centre of the pin hole. We could make a similar calculation for the plates attached 
to the batter brace, but we can see that the same number of rivets will sufiSoe, for 
although the stress carried by each plate is less, the lever arm is greater on aoooimt 
of the greater thickness of the channel web. In order to allow for the bolt hole of 
the portal strut connection we must add two or three inches to the length of the plate, 
so if we say that the total length of plate measured along the centre lines of ohord 
and batter brace is 6^ we will be pretty near the mark. 

To find the thickness of the connecting plates at the first joint in the top chord 
we must divide the area of one channel of the third panel by the sum of the widths 
of an inner and an outer plate. It will therefore be j|^ = 0.6 : if, however, we 
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make the inner plate i" ihiok and the outer one A", the total area of section will be 
just right and the plates of procurable sizes. Although one plate has a considerably 
greater area than the other, we must still consider that one half the stress on the 
caihannel is carried by each plate, for such is the probable division. It is impossible 
to determine the exact method of division, but this one will cause no undue stress 
<m either plate, because the actual intensity of working stress for the plates may be 
at least one fourth greater than that for the strut itself. 

The stress on each plate on the side of the joint nearest the middle of the span 
ist therefore, about 6.3 x 8.513 = 22.3 tons, which multiplied by i (^ 4* i) ^^^^ 
16.88 inch tons as the bending moment upon the rivets. Dividing this by 0.494, the 
working bending moment for a I" rivet, gives 32 as the number of rivets required 
on the oentre side of tlie joint. 

To find the number required for tlie other side, we ascertain the stress by 
multiplying ^^ by 8.648, making 16.6 tons, multiplying this by i (I -f i) and 
dividing the product by 0.494, which gives 19. 

By making a sketch of the connection aud using the same arrangement for the 
rivets as at the hip, a plate about four feet long will be required. 

A similar calculation for the next joint shows that the inner plate should be i'\ 
and the outer one W thick and that the length should be about 5'. The thicknesses 
of the plates for the middle joint will be tlie same as those last determined, but the 
length should be a Uttle greater, say 6.5'. All these dimensions of plates are to be 
properly entered on the bill of iron. 

To find the dimensions of a connecting plate for the bottom chord strut, let us 
make the area of the section of same through the pin hole equal to the ai-ea of one 
channel, or 2.86 square inches. If ci be the width of the plate at this point and t the 
thickness, the effective area will be i (^^—4). Assuming t = h, and equating to 2.85 
will give d == 9.7 say 10" : this can be gradually reduced to 6'' at the ends, but the 
10^ depth should extend at least six inches on each side of the panel point for the 
sake of appearance. 

The greatest tensile stress which need be provided for is 5 x 2.B5 = 14.25 tons. 
The thickness of the web of a 6"— 9.6* C is given by Table XVI. as 0.3", making 
the lever arm i (0.8 -}- 0.5) = 0.4", and the moment 14.25 x 0.4 = 5.7 inch tons. 
Dividing this by 0.16 (the working bending moment for a i" rivet) gives 32 as the 
number of rivets required on each side of the joint. By making a drawing to scale 
it can be ascertained that it is just possible to use three rows of rivets li" apart, 
with a horizontal rivet spacing of 2^". Allowing for the joint and pin hole a distance 
of ll'^ between nearest rivets would make the length of the connecting plate about 
6'4^, which is excessive. It would be better to employ two rows of staggered ;;" 
rivets, for each channel would then be weakened by only one rivet hole, and there 
would be fewer rivets needed. The number required is 12 it is found by dividing the 
moment 6.7 by the working resisting moment 0.494. Using a pitch of 3" will not 
bring the rivet holes too closely together : this will make each plate about 4' long, 
^ffbioh is not too great. It will be noticed that we assumed the whole section to be 
subjected to an intensity of five tons instead of only the effective section, as would 
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really be the case if the pin boles be properly slotted. The reason for so doing is 
that, as a general rnle, rivetted members should not be subjected to tension, bnt, if 
they be so subjected the number of rivets used for the connection should be greater 
than that called for by theory. Then again, because of the cambre, there is a 
tendency to straighten out the struf, the bending moment of which most be resulted 
by the rivets at the joints. As the assumed total tension on the strut is about twice 
as great as that to which it would be actually subjected, the theoretical number of 
rivets required has been doubled, which, all things considered, is not making too 
great an allowance for safety. 

We will put a joint at the second panel point from each end of the span, and 
anotlier at the middle. 

For the other panel points reinforcing plates will be required to pompensate for 
the material lost at the pin hole. The greatest area lost is 0.8 x 4 =3 1.2 square 
inches, corresponding to six tons of stress, the moment for which is 6x0.4=52.4 inch 
tons. This divided by 0.494 gives 11 as the total number of rivets on both sides of 
the pin hole, or six on each side. It will be better to make this number eight on 
a side, for fear that the reinforcing plate be called upon to bear more than its. cal- 
culated stress. A thickness of }"aud a maximum depth of 8'' will more than com- 
pensate for the material lost in the web, and the lever arm being thus slightly reduced 
will lessen the bending moment upon the rivets. A drawing to scale will show that 
the length of each plate should be about 8'. Those at the ends of the span may be 
made nearly a foot shorter. 

Next let us proportion the reinforcing or connecting plate at the shoe. 

The greatest live and dead load stress at the channel bearing is say i (54.182 
^ 5 X 2.8) B> about 20 tons. Beferring to Table XV. we find the necessary bear- 
ing for this stress upon a 8^'' pin to be lyV'* ^&1>1® XVL gives the thickness of web 
for a 12" — 86.82 pound channel as 0.62", which, subtracted from li$", leaves 0.46'^ 
say y as the thickness of plate required. If L be the length of the greatest section 
of this plate by any plane perpendicular to the batter brace, then i x L should not 
be less than the area of one batter brace channel. Supposing equality we have 

i L = 10.9 and L = 21.8". 

This conditiou will receive attention presently ; meanwhile we will assume the 
thickness to be i'\ and calculate the number of rivets required by multiplying the 
stress on one channel (10.9 x 2.889 = 81.5 tons) by the lever arm i (0,62 :i- 0«6) 
= 0.56, and dividing the product (17.64 inch tons) by 0.494, the resisting bending 
moment of a i" rivet, making the number 85. 

For this connection we c^u use five rows of rivets spaced two inches apart, a|id ft 
pitch of about tiu'ee and a half inches so as to bring the rivets into horizontal linee 
as in the accompanying diagram, which is thus drawn. Lay out a horizontal line 
A B, and from any point A draw the lines A G and A E[, making angles with A B to 
correspond to the arc whose tangent is f^. Draw G D and E F parallel to A B and 
at distances therefrom equal to i (20" — 2 x 2.85") = about 7", cutting A Oand 
A H in G and E. Draw N and P Q parallel respectively to A O and A Bt and 
at distances 6" therefrom. Draw also the parallels J K and L M 6" frpai N and. 
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P Q. ' Let US aasoffle that the vertioal distanoe between the centre of the pin hole 
•nd tiie bottom of the shoe plate tmd that from the centre of a pin hole to the bot- 
tom of a post are each ten iuoheB. Subtracting 1" for the thickness of the shoe 
plate, let us lay off the lemainiuj; 0" perpendicular to C D and E F so as to deter- 
mine tite centres of the pin holes. L&ying off tho limitmg circle of rivets with an 
Msnmed radins of 8^", we onn murk Uie rivet centres as in the diagram and 
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determine the height of G Z above C D to be 22J". If from Z we drop the porpen- 
dicolar Z T to A B and thus determine the base of the bent plate to be C D F £ we 
would find it out of proportion and probably too large. Let ns see if it be bo. The 
greatest preasare on & leeward shoe is 
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480 + 1150 + 810' 
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X 10.7 = about 7S tons. 
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Let ns assume the length of eocli roller to be 20" and the diameter 2i", then 
Table XVII. gives the permissible pressure as 7.yi tons, which divided into 78 gives 
ten as the number of rollers required. 

Allowing a spsoe of 1" between tollers and a play of three inches wonld make 
the total length of shoe plate 37". This is out of proportion to tlie width, so let ns 
assnme a new width of 25" and try again. The last mentioned table gives Ihe per- 
mtsaible pressure on a roller 2j'' x 25" ns 9.98 tons, which divided into 78 gives 
eight as the number required, making tho length of shoe plate 30". This is a better 
shape and will therefore be adopted. 

Allowing the shoe plate and the batter brace upper plate to project 8" beyond 
C E in the diagram, will leave il" to be laid off from C K to the right bond edge of 
tlie shoe plate, B S. We can now join R T and 8 U, and determine G Z T B B U 
Y H E G G to be the development of the bent connecting plate. Its dimensions are 
averaged on the bill of material. 

If from B we measure tho perpendicular to C G, we find it to be about 20^", 
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which is near enough for all practical purposes to the 21.8" required by theory. 

The next details on the '' List of Members '' are the reuiforcing plates at the 
feet of the posts. Table XV. gives for a bearuig stress of 18.G tons and a 8|" pin a 
bearing width of J'', subtracting from which 0.825, the web thickness of a 12" — 
22i*C , leaves 0.55 as ilie thickness to be furnished by the outiide and inside rein- 
forcing plates, from which it is evident that the least allowable thickness of f will 
be sufficient for each. 

Let us assume that half of the 18.6 tons is borne by the inner reinforcing plate, 
and the remainder by the outer plate and the web. The moment of stress on the 
rivets will then be 0.8 x ^ (}-f-0.825) » 8.255 uich tons, which divided by 0.811, the 
working bending moment for a ^" rivet gives 11 as the number of rivets reqnireil 
to resist bending. 

The total pressure on the rivets cannot exceed 
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which divided by 1.46, the approximate working bearing pressure for a }" rivet on a 
plate 0.825" thick, gives 10 as the number of rivets required for bearing. It will be 
better to use a greater number of rivets than the calculations call for, because the 
reinforcing plates should extend a few inches higher than the lower edges of the 
stay plates so as to stiffen the otherwise unsupported projecting ends of the post 
channels. A drawing to scale would show the height required to be about 2^ mak- 
ing the total length of the inside plate 5', and that of the outer say 2A'. These 
dimensions are applicable to the other post reinforcing plates, the widths for which 
should be equal to the depths of the channels to which they are attached, provided 
that such depths be not less than 8''. These dimensions are entered on the "Bill 
of Iron." 

Next come the plates for connecting the intermediate struts to the posts. 

It is not worth while to make any calculations for this connection, because the 
stress on the strut is so small. 

We will use two bent plates each i'' i" x 2.5' A simple calculation shows 
that the diameter of the pin for attaching the vibration rod should be If', which 
would leave 1 i" of iron outside of the pin hole, which is sufficient. 

Next come the plates for connecting the lower portal struts to the brackete, the 
dimensions of which we will assume to be -^" x 9" x 15". 

Next come those for connecting upper portal struts to name plates, the size for 
which we will assume to be ^" x 9" x 2'. 

Next come the connecting plates for track stringers over floor beams, the dimon- 
sions for which may be taken as f " x 8" x 8'. 

Next come the cover plates. The length of those at the hip may be taken as 
2', for they carry no stress that can be calculated. 

The stress carried by any intermediate cover plate is f x 20 x 8.548 ss 26.57 
tons, which multiphed by f gives 9.96 inch tons as the moment on the rivets. 
Using i" rivets we have 
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The jaw plates of the portal struts act also as reutfordng plates, so their thick- 
ness may have to be proportioned for this conditipu. The pressnre on the bearing 
is equal to the greatest working stress on a lUs" rod, which /or a» inUn$Uy of S 
tons Table YI. gives as G.240 4. 1.875s;£8.115 tons. The diameter of the pin was 
determined to be 2f ." Consulting Table XV. we find the necessary width of bearing 
to be V'» subtracting from which the web thickness i", leaves f' f6r the thickness of 
the plate. As the latter will have to resist bending, it will be well to make the 
thickness i'^ The width should vary from 8" to 6'^ making the average say T\ 
This width strictly speaking should be calculated, but it is hardly necessary ; for, 
judging by a similar calculation in Chapter XIV., we can conclude that if the pin 
hole be placed as closely as possible to the end of the strut, Mid if the jaw plates be 
made 8" wide at the pin holes, there will be sufficient material to resist the bending 
produced by the transverse component of the greatest working stress on the portal 
rods. The greatest stress on one channel supposing it to belong to ihe trass would 
be 2.1 X 2.488 s 5.12 tons, the intensity bemg taken from Table VIU. for 84 
diameters and one end fixed. The lever arm is i (i + i) or f", making i(ie mo- 
ment on the rivets f x 5.12 «■ 1.92 inch tons, which divided by 0,811 gives 7 as the 
number of i" rivets required. A calculation for bearing would give a smaller ntim* 
ber. Laying out the detail to scale, we find that the required length of the jaw 
plate is about 8'. 

Next come the extension plates. Let us first proportion those for the largest 
post. The thickness for one extension is found by dividing the total sectional area 
of the post by the depth of the channels, or 1^^ s 1.14 say W, which Table XV. 
shows to be more than sufficient for bearing. This extension plate can be made up 
of two plates each j| " thick, the inner one extending two or three inches below the 
npper edge of the stay plate, and the outer one as low as requisite. 

The stress carried by the rivets is i x 87.122 =:^ 18.6 tons and the lev^ arm is 
i (A >f 0.88) s 0.45'', making the moment 18.8 x 0.45 a 8.87 inch tons. .Using i" 
rivets we divide by 0.494 and find the number required to be 17* Only one half of 
those rivets which pass through both thicknesses of plate and the channel web are to 
be counted in making up the 17; and the countersunk rivets passing through only 
the two thicknesses of plate are not to be counted at all. 

By laying out the connection to scale we see that the inner plate should extend 
' about 10'' below the ends of the channels, and that we can use five rows of rivetft 
with a 8'' pitch, permitting of the passage of 18 rivets, half of which being deducted 
from 17 leaves 10 or 11 rivets to pass through the outer plate and the web alone, 
making the former extend 18" below the top of the post channels. The total length 
of the outer plate is, therefore, 28", and that of the inner plate 20." Similar oaleu^ 
lations for the extension plates of the other posts will give the dimensions recorded 
in the " Bill of Iron." 

The thickness of the shoe plate is given in Chapter VI. as 1", and its other di- 
mensions have been determined to be 25'^ x 80". 

The thickness of the roller plate is also 1", its width about 25 + 2 >< d ss 81", 
and its length 80 +2x8 + 2 = 88". : 
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The area of the shoo plate is 25" x 80'' less about 80 square inohes for the 
Andior bolt holes, or 720 square inches which muUiphed by 200 and divided by 
^yOOO gives 72 tons as the greatest permissible pressure upon the shoe plate, if it 
sests dir-ectly on the masonry. 

The greatest actual pressure was ascertained to be 78 tons, therefore we must 
either use bed plates at the fixed end of the span or increase the area of each shoe 
plate to 780 + 80 = 810 square inches. If we make the width 26^' and the length 
82^/, we will have 882 square inches of area, and there will be no undue projection 
of plate beyond the pedestal, therefore this method will be adopted. 

The bed plates for track stringers may be made i'' x 14'^ x 14/^ and the anchor 
plates i'' X 6" x 8''. 

The beam hanger plates may be made 1 jt'' thick. The distance between centres 
of beam hangers may be averaged at 9.^' A 1-ft" square bar upsets (vide table in 
Chapter XIX.) to 1}", for which the greatest diameter of a hexagonal nut is (vide 
table in same chapter) 4.04", making the necessary length of plate 18". The neoes- 
Bary width will bo 4" + 1 A" + 4" say 94". The weight 'of each of the two name 
plates may be assumed to be 50 pounds. 

Next come the latticing and lacing bars. The spread of those for the top chords 
ctnd batter braces is about 17", and the stretch should be about the same. The 
length of space latticed on each chord panel is about lb' 6'^ and that on each batter 
iDrace about 28' 6", which distances divided by 17" and multipUed by 2, show that 
26 bars will be required for each panel length of chord and 40 for each batter brace, 
snaking the total number 472. 

Table XX. makes the size of the bars i" x 2J", and Table XIX. makes the 
length 2.008 + 0.231 = 2J/ nearly. 

In a similar manner are determined the number and dimensions of all the lattice 
and lacing bars recorded in the **Bill of Iron". For simphcity in shop work we 
will use stay plates instead of lacing for the lower lateral struts : these will permit of 
the passage of the stringer connecting plates through the struts. 

The lengths of the pins on the " Bill of Iron '* include an allowance for the nuts, 
and a reduction for diminished diameters. The diameter of the anchor bolts is found 
in Chapter VI. to be 1 J", and their length may be assumed to be 6'. 

"We will allow 100* for temporary bolts used in erection : these need not be 
wasted, for they can be saved for erecting another bridge. 

An allowance of 150* for ornamental work will be sufficient. 
Let us average the length of filler for each pin at 4", and the weight per Uneal 
foot of filler at 12 pounds or the weight of each filler or pair of fillers on a pin 8 
pounds. 

For the fillers over end floor beams, we will employ 12" — 42* I divided along 
the middle of the web, as there is no tee iron deep enough in Camegie*s sections. 

For the shoe pin supporting pieces, we will employ 12" — 60* I beam with the 
upper flange removed : the length may be averaged as in the Bill of Iron to obtain 
the approximate weight. 

The weight of the stringer bracing frames is included in that of the stringers. 
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The iraok rails with their fish plates and attaching spikes do not belong to the 
bridge, for they would have to be provided if the bridge did not exist, so their 
weight is not included in the '* Bill of Iron"» but must be afterwards allowed for 
in checking the dead load : it may be taken to be 45 pounds per lineal foot. Lock 
nuts will be used on counters, lateral rods, vibration rods and beam hangers : let ns 
average their weight at i* each. An allowance of 50 pounds will be sufficient for 
pilot nuts. 

The total weight of rivet heads may be calculated from the group in the list 
of members, but it is not' worth while to do so ; for, if three per cent, be added to the 
total weight of iron, it will cover the weight not only of the rivet heads, but also that 
of the allowance for rivets lost during erection. 

The ''Bill of Lumber " needs no explanation, except that there is an allowance 
for an extra tie at each end of the span. 
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BILL OF LUMBER. 
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The total weight of iron, less a small amount belonging to tlie floor system pro- 
per projecting beyond the end pins, divided by 168 gives 1282 pounds as the weight 
per foot for the ironwork, agreeing very well with the amount found by interpolation 
from Table I. 

The total weight of lumber is 7154 x 4 j^ 4- 1008 x 2i = 88,521 pounds, which 
divided by 172 feet, the distance over which the lumber extends, gives 195 pounds 
as the weight per foot of the lumber. The total weight per foot will therefore be 

. 1282 + 196 + 45 = 1522. 
From this must be subtracted something to allow for the weight of iron that rests 
directly upon the masonry, such as the heavy pedestals, end lower lateral struts, bed 
plates, rollers, anchor bolts &o. , in all about 5800 pounds weight or 82 pounds per 
Uneal foot, making the proper dead load per lineal foot 1522 — 82 = 1490 pounds. 
The assumed dead load was 1480 pounds, making the difference 60 pounds per lineal 
foot, or just four per cent., which is within the allowable limit of error specified in 
Chapter YI. It will, therefore be unnecessary to make the calculations anew. 

It may appear to the reader who has carefully followed out all the calculations 
in this chapter, that the designing of iron bridges, and estimating weights thereof, 
involve a great deal of work, and demand considerable time : but such is not neces- 
sarily the case; for an expert could have made this design in from three to four 
hours, because his experience would have told him the sizes of many of the details 
and the number of rivets to employ. In this chapter everything has been figared 
out carefully enough for making working-drawings, instead of merely an estimate of 
weight ; for the author considers that it is better to teach the beginner exact methods 
in the first place, and leave him to develop approximate ones as his practical experi- 
ence increases. 



CHAPTER XIX. 




WORKtNO-DRAWINGS. 



Tiie firsi poiuts to be determiued before commenciug a working-drawing aro 
Ike scale and the size of the paper. The least scale which it is convenient to use is 
one inch to tlie footi and the greatest scale for a whole drawing shoald seldom ex- 
ceed an inch and a half to the foot. If a smaller scale than one inch be used, 
difficulty will be experienced in writing the rivet spacing between the rivet holes. 
The width of the paper should be from three and a half to four and a half, or even 
five feet : and, as for the length, it is better to use roll- paper, and not to cut it until 
the limits of the drawing be determined ; for it is a great convenience to be able to 
make all the working-drawings for a bridge upon a single sheet. 

The following is a draughtsman's equipment for making working-drawings in a 

Daetliodical and expeditious manner : a table from four to five feet wide, from six 

to eight feet long, and about three feet high ; a pair of steps each four or five inches 

^ic09 and three feet long ; a bevelled steel straight-edge, at least three feet long ; a beam 

o^aoipass with tangent screw attachment; a couple of small triangles (rubber ones 

Cute the best ) ; some four-H and six-H pencils ; a little tracing-paper ; a finely divided 

diKxIemmal boxwood scale (the subdivisions being quarters, eighths, and sixteenths); 

« good box of instruments, including a protractor and a pair of hairspring dividers ; 

^nd (he usual outfit of rubbers, tiles, pens, etc., that one finds in draughtsmen's 

offices. T-squares, large triangles, and parallel rulers should never be used in 

'laaakliig a working-drawing. The first can never be depended upon, because of the 

impoMibility of haying both board and T-square always perfectly true ; no wooden 

iniliar can be relied on not to warp ; and parallel rulers are a delusion. 

For a few inches it is permissible to turn right angles with triangles, but for 
long distances the beam compass should be used ; and parallel lines can be most 
accurately drawn by erecting a perpendicular near each end of the original hne, and 
laying off on them equal distances. When distances are a little too great for the 
triangles, and too small for the beam compass, the large ordinary compasses can be 
used ; but it will be found that they are seldom required. The four-H pencils are 
to be used for writing dimensions, etc., and the six-H ones for di*awing lines. The 
draughtsman should always have at least one of the latter sharpened to a chisel edge 
for ruling, and another to a point for sketching. He will find it to be greatly to 
his advantage to keep his pencils always well sharpeued, for an error of the width 
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of a pencil-liue will often cause a great deal of iucouveuieuce. A piece of emery 
paper or a fine file will be found useful for sharpening pencils. The tracing-paper 
will be convenient in transferring drawings of similar chord heads, etc. : its function 
is merely the saving of a little time. 

It is generally better to have both a long and a short scale. The long one may 
be divided into feet only, the inches and fractions of inches being taken from a dia- 
gonal or other small scale. If the draughtsman be not provided with a suitable 
scale, he can easily prepare a very fair one for himself on a strip of the roll of 
paper upon which the drawing is to be made. 

The method of projecting one view of a piece from another view will not do for 
working- drawings, owing to the liability of the triangles to slip. All measurements 
should be transferred by the dividers ; and, if there bo any probability of the points of 
the dividers having been moved, the distance between them should be tested by 
laying it off once more upon the original length. There should be no more than a 
single transferrence of any one distance, for errors often increase, instead of balancing. 

The general arrangement of a working- drawing consists merely in laying out a 
plan and elevation of one-half of the span, leaving at least a foot of space at each 
end, and six or eight inches above the elevation and below the plan, if tliere be room 
to spare, with the same distance, or a little more, between. As it is immaterial if 
different portions of the drawing cross each other, provided that such intersection 
cause no conflicting of the measurements, the various members may be shown in 
several views alongside of their respective positions in plan and elevation. 

Thus the top chord may be represented in an under and an upper view above 
the elevation of the truss, and the batter brace may be shown in a similar manner 
above and to one side of the elevation. Projections of the posts on planes transverse 
to the bridge may be drawn alongside and a httle below the elevation of these mem- 
bers, the amount of lowering being sufficient to bring the ends of the strut clear of 
the chords. Attached to the projections of the posts can be shown the intermediate 
struts and vibration rods, with their connections ; and shortened views of the chord 
bars and diagonals can be placed alongside their elevations in order to represent the 
heads clear of all other members. Passing to the plan, on one side is drawn the 
packed lo\ver chord, and attached thereto the lower lateral rods and struts in half- 
length ; while alongside the latter can be represented an elevation of the same with 
the floor beams beneath, and an end view of the beams near by. The stringers can 
also be represented in this neighbourhood. At the other side of the plan, can be 
shown half-lengths of the upper lateral rods and struts in two views, and a pro- 
jection of the portal bracing on the plane of the batter braces, and on planes at 
right angles thereto. Each detail can be delmeated to any required extent in the 
neighbourhood of its position in plan, elevation, or both. If necessaiy, the panel 
points on one side of the plan may be brought opposite the middle of the panels on 
the other side, in order to avoid too much intersection. 

This aiTangement, although a good one, is by no means the only one, and in 
some cases might not be the best. For instance, in skew bridges it would be well to 
show the whole of the lower lateral system in the plan, and the whole of the upper 
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lateral system above tbe elevatiou, in counection with the uppermost view of the top 
chord, which should be the plan from above. Then, again, if the bridge be a large 
one, the height may be so great that it will be impossible to show the plan below 
the elevation ; in which case it will be necessary cither to make separate drawings 
for the plan and elevation, or to place one alongside of the other ou the sninc sheet. 
In making tracings of the working- drawing, the tracing- cloth can be shifted about 
BO as to group similar parts and so as to avoid too much intersection of different 
portions. 

Provided that any piece be symmetrical about a plane cutting it at the middle 
of its length and at right angles thereto, it will be sufficient to show only one-half of 
the piece ; and the measurement may be referred to the end of the member, to the 
central plane, or to both. Where the same detail is used in more places than one, 
it is not necessary to show it more than once, provided that it be exactly the same 
in every respect. 

As an illustration of how to make a workiug.drawiug, take the case of the 
bridge treated in the last chapter, and assume that the paper and table are each 
four and a half feet wide. Using the scale of an inch to the foot, the depth of the 
elevation will be about two feet two inches, and the width of the plan about one foot 
five inches. Allowing five inches above the elevation, and as much more between 
elevation and plan, will bring the lower side of the plan within an inch of the edge 
of the paper : this arrangement will do very well. The first step is to draw a line 
^th the steel straight-edge, as nearly as possible, without taking too much trouble, 
paralled to the length of the paper, and at a distance of two feet five inches 
below the upper edge. This line should be very fine and perfectly straight. It can 
1)e made so by prolonging it half the length of the straight-edge at a time, auvl after- 
wards testing it in several places. On this line take a point a foot or more from 
the left-hand end of the paper, as the centre of the end lower chord pin. Lay off 
along this line with the greatest' possible accuracy the panel length, until the centre 
of the bridge be reached : in this case twenty one feet must be laid off four times. 
At the panel points erect short perpendiculars with the triangles, and on the per- 
pendicular at the centre lay off the camber, which in this case is three inches ( vide 
Chapter YI. ). Had the bridge contained an odd number of panels, it would have 
been necessary to draw the middle panel, and lay off the camber of three inches at 
each end of this panel. Then, assuming the curve of the chord to be a parabola, 
the fall from the centre to any panel point is equal to the camber at the centre 
multipUed by the square of the ratio of the distance of the panel point considered 
firom the middle of the span to the half-length of span. 

Thus in the case considered, the falls at the first, second, and thud panel points 
will be respectively 8(i)^ 8(i)«, and 8(J)^ or f^", J", and -j^", making the heights 
of these points above the horizontal line respectively 8'' — 1^2"» ^" — i"» ^^^ ^'' — 
T^'', or lA", 2 J'', and 2tt"; which distances are to be laid out upon the perpen- 
diculars 80 as to locate the centres of the lower chord pins. The length of tlio 
panels as thus determined differ from those of their horizontal projections by an 
inappreciable quantity. If there be any lengthening of the chord, it may go against 
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the play of ilic pins in the eyea. 

Next join the consecutive pin centres^ producing them each way a little more 
tlian a panel length, so as to facilitate the erection of perpendicnlars thereto. Then 
at each of the different centres erect a perpendicular to each centre line meeting 
there, and bisect the angle between the pcr|>endicalar8 : the line of bisection will be 
the centre line of the post. Great care must be exercised in turning these right 
angles with the beam compasses, two points on each of the perpendiculars being 
found, so that if these two points and the centre be in exact line, the perpendiealar 
may be relied on as correct. On eacli of these centre lines lay off the depth of the 
truss, and complete the skeleton diagram. 

A partial check on tlie accuracy of the construction may be had by measuring 
the panel length of the top chord, which should agree with the length calculated as 
follows. Let 

p = the increase in the panel lengtli of the top chord above that of the 
bottom chord, 

c — the camber at the centre of the spau, 

s = length of spau, 

d = depth of truss. 



and 



H = number of panels* 



Bdc 



Then, according to the method given in Trautwine*s "Pocket-Book," p'= , where 



$n 



d and 8 may be measured in feet, and c and p in inches. The panel length of the 
top chord will then be {' = ^ + Pf where I is the panel length of the bottom chord. 
This is not a certaui proof of the accuracy of the work. Two consecutive post 
centre Unes might be equally iuclined from their correct positions, and on the same 
side, though this would be shown in the next panel. A certain check most be 
obtained by measuring the lengths of the diagonals, which should be equal to each 
other, and agree ^ith that found by the formula 



D=.\/r-+(i+l>j, 



where D is the length requiied. 

In double intersection bridges the exact lengths of the long diagonals can be 
foimd by the following method. 
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Let I =3 panel length in bottom chord == GD = DB. 

e r= I increase of panel length m top chord. 

d =s depth of truss between centres of chord = A B, 

a = angle between radial line at panel pt. and J. to chord* 

Then a=«H -i ^ (Eq. 1) DRic:: l.d .-. Dh: = -^ 



BQ 



^2GE = 2jn-^^=2l/±^ ^^^^^ 



BG can be taken equal to GD+DB = 'IGD without perceptibly affecting the 
final result. 

In triangle ABG, AB and BG are known; also augle AUG = 90*-|-2a. 
AB + BG: AB— BG :: im i [180'— (90' + a)]:taui [BAG — BGA] ; 



• 



AB-^BG . 

Ttan 



AB -^ BG 



(-- i)] 



BAG — BGA = 2tm-^ 
Again: 

{BAG — BGA) + {BAG^ BGA) = 2 BAG = 

{BAG — BGA) + (90»— 2a), which gives 7?.4^; 
also 

BGA = 180'— (^J(?+90* + 2a) =90- — ( AJJ(? + 2a): 
finaUyi 

AG =3 AB cos BAG + BG cos BGA = length of diagonal required. 

The length of the diagonal as manufactured should be one sixty- fourth of an 
inch less than that calculated, so as to allow for the play of the pins in the eyes. 
As a slightly greater allowance for play is permissible, it is better to take the next 
smallest sixty- fourth, if, after making the reduction' just indicated, the length should 
not come out on an exact sixty-fourth. Because of the play in the pin holes of the 
bottom chord bars, the panel length of the manufactured top chord should exceed 
the calculated length by about a thirty-second of an inch. 

Next fill out the elevation of the chords, posts, diagonals, and batter brace, 
without showing details. Alongside of each tension member show the heads with 
their dimensions, and on the shortened distance mark the size of the bars, the number 
of them» and the length from centre, to centre, as shown on Plate X. 

At the right-hand end of the drawing, or on a separate sheet, whichever be more 
eonvenienty draw out the heads full size, placing one on the other, if this can be done 
without confusion. Sometimes as many as six heads can bo represented about one 
centre, provided that both pins and heads diminish together. 

For hammered heads the method of construction is very simple. It consists in 
desoribingy as in Fig. I of the accompanying diagrams, a circle of radius CA^ 
equal to that of the pin hole, and a portion of another curcle with a radius CB^ equal 
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to tliat of the pin bole pltw the proituct erf ou«-half the 
depth of the bar HK by the ratio given in the table in 
ChapterVI., then drawing the lines DE and FQ parallel 
to the sides of the bar, and at a distance therefrom equal 
to CB\ and with Cas a centre and a radius CO, equal 
to twice CB, describing an arc to intersect DK and FG 
in the points D and F\ finally, witli 7> and F as centres, 
and radii equal to CB, describing the arcs HL and KM^ 
tangent to the sides of the bar at // and A', and to the 
outer circle at Tj and M. 

For welded heads tlie construction is as shown in 
Fig. 2, where the pin hole and bar are laidoiit as before. 
The distance AB is equal to one-half of //A' multiphed 
by the ratio given in the table in Chapter YI., and the 
distance SO is equal to HK^ or the diameter of the pin 
hole, whichever be the greater. The centres P and R 
of the arcs OBL and OTM respectively are found by trial ; then DE and FG are 
drawn parallel to the sides of the bar at distances tlicrcfrom DH and FA', eqtm! to 
one and seven-tenths time VB or i?7; and with P and E as centres, and radii equal 
to two and seven- tenths times PB or iiT, or, what is the same thing, eqnal to DH 
plus PBf arcs are described cutting DE in /), and FG in F\ finally, with D and F as 
centres, and with radii eqnal to DH, arcs are drawn tangent to the sides of the bar 
at H and K, and to the arcs OBL and OTM at L and Af respectively. 

These constructions, with sUght modifications, are taken from Trautwine's 
«* Pocket-Book. *' 

Next show the posts and the attached sway bracing in two projections with all 
their details. There should be allowed a clearance of about an eighth of an inch for 
the ends of the posts inside of the chord. The positions for the stay plates should 
be as close to the pin as possible, allowing a little clearance for the diagonals. The 
proper positions can be ascertained from the general elevation. The lattice bars 
should be close to the stay plates : it will not be necessary to show more than a few 
of them on each strut, the positions of the others being indicated by their centre 
lines, as shown on Plate X. 

Next show in two projections the top chord and batter broee with oU their 
details, and give several views of each connecting-plate and other detail in the 
neighborhood of its position on the elevation. The joints in the channels and plate 
of the top chord should be located three or four inches to that side of eaoh panel 
point which is. farthest from the centre of the bridge, so that the pin holes shall be 
bored through a single piece, and through the thicker of the two abutting pieces. 
At the hip joint it is of course unavoidable to bore the pin hole tlirough the abutting 
ends of the chord and batter-brnce channels. Next pass to the plan, where the first 
thing to do is to draw parallel to the original horizontal line of the elevation traces 
of the central vertical planes of the trusses and of the central plane of the bridge, 
locating the- panel points very carefully, and as nearly as possible vertically, below 
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tkeir eorrtspoodiug posiiions on ilio elevation. Then arrange the chord paeking on 
ene dde of the plan oo as to make the bending- moments on- the pins as small as 
possible without having any of the chord bars poll at too great an angle mtli the 
plane of the trass. 

If any of the panek have trussed bars, the trussing should be here shown^ and 
the spacing of the rivet holes for same in the chord bars should be represented close 
to ilie plan of ttie trassed bars. If there be a bottom ehord stmt, it should be repre- 
sented in elevation alongside the plan of the packing. 

Near the latter should be drawn separate views of the lower chord pins ; giving 
their number, diameter, lengths between shoulders, diameters and lengths of reduced 
ends, and the total lengtlis; also the sizes of the nuts. At the right hand end of the 
drawing show the floor system proper for one panel length in plan and elevation, 
also a floor beam and a track-stringer each in two or three views, with the shims 
and tlieir attachment to the stringers. Generally the floor beams will be all aUke 
and symmetrical about the central longitudinal vertical plane of the bridge^ so it 
will be sofScient to represent half a beam. The bearing for an eoA stringer should 
be completely delineated. 

On one half of the plan show the lower lateral struts and rods attached to the 
lower chord and another view of each alongside, not forgetting to prc^rly represent 
the tumbuckles; and on the other half of the plan show the upper lateral struts and 
irods and the portal bracing each in two views vrith all the details near by. Balf 
lengths are gexierally suffieient for these struts and rods, but if full lei^ths be re- 
quired they can be r^resented by moving the panel points of ttis lower half of the 
]]laB half a panel length to the right. 

Hate X. was prepared by the above method, but was afterwards traced from 
the original sheet into a more compact form. The scale of f " =: 1' used is smaller 
than should be employed in practice. This is both for economy of space and be- 
eause the drawings were prepared for a model of the bridge designed in the last 
chapter. For the latter reason there are no details drawn on an enlarged scale. 
It was the author^s intention to illustrate on this and succeeding plates all the 
working drawings lor the model of the bridge, but he has been prevented from so 
doing by the unusually large estimate for printing this memoir. The oomplete 
drawings can be seen at any time in the rooms of the Civil Engineering Department 
of die Tokio Daigaku. 

In writiDg dimensions, etc , upon a working-drawing, it is immaterial from 
which direction tiie writing be read ; that is, it may be read sidewise, up/ddo down, or 
in any direction most convenient to the draughtsman. In making tracings, this 
matter can be rectified if it be thought advisable. Full directions for the manufac- 
turer should be written on the drawing. 

Finally, take the list of members, and go carefully over the drawing with it ; 
seeing not only that each piece is represented, but that there are sufficient measure- 
ments given to have it manufactured. 

The following additional directions and hints may be found usefuL Befer each 
grovp of rivets to some local line, which is . itself referred to the end of the piece, or 
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some other prominent part. Bhow a section of eaoli member, and write the dimen- 
sions of all channels, angles, I-beams, etc., near the section. Write along each 
piece its extreme length or lengths, its length from centre to centre of eyes, and of what 
it is composed. The ends of the two pieces of an adjustable rod should be separated 
by at least three or four inches in the turn buckle or sleeve nut* Mark what rivets are 
countersunk, and at which end. It' the scale of the drawing be large enough, tlio 
rivetting can be thus represented — draw full parallel lines across the rivet for 
countersinking on the upper side, dotted parallel lines for countersinking on the lower 
side, two sets of parallel Unes crossing each other at right angles for countersinking 
on both sides, and solid black circles for rivet holes to be left open. Be careful to 
always note how many pieces are to be made as shown and how many opposite 
hand, when there are both rights and lefts. 

Lay put all bevelled ends on an enlarged scale say from half to full size, and 
mark their dimensions along the edges, referring all measurements to a transverse 
line through some well defined point as the centre of the pin hole. These measure- 
ments should be checked by calculation. The slight bevels at the joints of the top 
chord should be treated with as much accuracy as the bevels at the hip joints ; but, 
as the bevel is very slight, it will be legitimate to put it all on one of the abutting 
ends making the other a square cut. 

The centre lines for lacing bars on the under side of a strut should be dotted. 
In laying out a long row of rivets, for instance lattice rivets or those for the top 
plate of a chord or batter brace, calculate the distances of some of the intermediate 
rivet holes from one end of the strut, then interpolate the other holes ; because, it' 
the spacing be laid out continuously from one end with the dividers, any error in 
the span of the dividers will be multipUed by the number of times that the distance 
is laid off. 

After laying out a complete system of rivets for any member, check by seeing 
that the sum of the distances between rivet holes plus the distance of each end rivet 
from the end of the member is equal to the total length of the member. 

Make duplicates of as many parts of the bridge as possible even at the expense 
of a small amount of iron, not only to save time in draughting but also in the shop 
and to facilitate the work in erection. Arrange to have as few loose pieces ibr shipment 
as possible, and mark on the drawing of each connecting piece to what it is to be atta- 
ched or whether it is to be loft loose. Thus the hip connecting plates should be 
attached to the chords and braces and those for the top chord to that portion thro- 
ugh which the pin hole is bored. If there be any reason to fear rough handling of 
the iron in transit, it may be necessary to send some of the connecting plates sepa- 
rately, but the more loose pieces the more field rivetting, and the more field rivetting, 
the greater the erectuig expenses and the longer the time and the gi'cater the risk 
in raising the bridge. 

Bivet spacing should be as regular as circumstances will permit, and all chan- 
ges in spacing should be made suddenly instead of gradually so as to fivcilitate the 
punching of the holes by machine. 

All measurements should be in feet, inches and the following vulgar fractions 
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of inches viz.» b*lve8, qaariertf, eiglithsi sixteenths, Uiirty Becouds aud sixty fourths : 
TTorkmen do not seem to understand dooimalSy so it is better not to use them* 
Avoid also the use of the development method, as it is beyond the comprehension of 
oMInary workmen. The lengths of all main members should be measured on the 
drawing then checked by cnJculation. 

When nuts are placed in a confined position, for iusttmco pin nuts in jaws, care 
slioiild be taken that there be ample room for them to turn in, as it is very awkward 
mnd sometimes impossible to screw up a nut, wliich is stiiiiouary, by turning the 
pin ; nuts in confined positions may be turned by hammering them eccentrically. 

Be careful to design no connection in such a manner that there will be rivets 
tbat oannot be driven without inconvenience. This remark is especially applicable 
to field rivetting. 

It must be borne in mind that, no matter how carefully the bill of iron was 
prepared, there will be many minor changes found necessary in making the working 
drawings ; but, as a rule, such changes do not materially affect the total weight of 
iron in the bridge. 
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Tbe foUowing tttbles bikeu from Garo^ie'i 
very useful in making workiug ilvuwiiigs, as w 

UPSET SCREW ENDS FOR ROTTNI) & SQUARE BARS. 

StBD^liiL^l Pr. .|>.'rtions nf [he Keyatonf Bridge Coiii|iaD)-. 



Pocket Compauiou " will be Xound 
us in preparing bills of ii-on. 
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5* 


» 


.613 






1 


1 


.630 
■7JI 


9 


jr 


1 


.731 
S-,7 




33 


« 




.8J7 


8 


4« 




.8,7 






! 


1 


.8J7 


8 


»S 


'1 


-94^ 




=5 


i 


It 
1* 


.945 
i.q6S 




34 

4* 


ll 


J. 160 




5» 


H 


It 
11 


1.065 




39 
35 


ll 


1 i6u 
..184 




=9 


'•!. 


ll 


1.160 




'9 




1.(89 




!4 


i» 


It 


1.184 




■ J 


•i 


1.JB9 




10 


■ A 


It 


r.^a* 




"7 


l| 


4.490 




24 


ij 


ll 


r.j89 


Si 


33 


■1 


J.6tS 




31 


■A 

II 


1| 
l» 


1.490 
1.490 




39 
18 


■1 


1.61; 




19 


■ * 


ll 


1.61J 
1.713 


4} 


36 


3l 
3l 


1-837 




38 
18 


"A 




t.711 


*i 




31 


1. 96 J 




=4 


It 


^t 


1.8 i 7 


4) 


3S 


3| 


3.0B7 




J'^ 


i« 

11 


>t 
at 


1.961 


4l 
4I 


36 


3i 


3.087 
3.175 






■ H 


It 


1.961 


4i 


17 


3» 


J.JOO 




36 


;!. 


>1 

It 
-I 


3.087 
3.175 
1.175 


41 


13 


'i 


3.joa 

3.435 
3.550 




iS 

as 


5* 


»1 


3.J0O 
3.J0O 




"7 


i. 


3.550 
i.639 




10 


"A 


■1 
It 


3415 
3.SSO 




3S 


it 
it 


3.7S4 
3.7J4 




18 


•A 
=1 


J 


3.550 
3.619 


a 


3f 


it 
il 


3.879 
J.004 




36 


.* 


it 


3.7S4 


il 


la 


il 


3-004 




19 


3* 


it 


2.7s 4 


}i 




it 


J. 100 






lA 


it 
it 


3.879 
=.879 


51 
il 


36 


il 

il 


3.315 
3.33; 




19 


!« 


il 


;.oo4 


31 


=5 


il 


!-3i7 




10 


.» 


ll 


1.034 


31 


'9 


il 


3-44-' 






.H 


it 


J.IW 


3i 




il 


J-441 




18 




it 


J.335 
J-3>7 


31 

31 


36 




J-i67 
5.693 
J.69: 




19 


!i 


n 


J-44a 






*i 


i-9^S 




=4 


i) 


4 


1.567 




30 


4l 


4.0.8 


i 


21 


it 


41 


J.69^ 






4l 


4-is; 


:* 


■9 


11 


4^ 


3.798 


3l 


■ 8 










!l 


4i 


4.0.8 


^i 


35 










i» 


4i 


4-1 Si 


3* 












;I 


4l 


4-^55 
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STANDABD SCBBW THBEADS, NUTS 

AND BOLT HEADS. 

Becommended by the Franklin InsUtate. 



SCBEW THBEADS. 




Angls of Thnad 60*. Flat itt Top and 
Bottom— i of pitch 



Dukof 
Scrow. 
Inches. 



i 






f 
i 

I 

li 
1* 
i| 

ih 
It 
If 
If 

a* 

3i 
31 

4 
4* 

4i 

4» 

5 

5t 
5* 
5» 

6 



Bia. at Boot 

of Thread.> 

Inches. 



.185 
.^40 
.294 

•344 

400 

.454 
.507 

.620 
.731 

.837 
.940 

J.065 

1. 160 

1.284 
1.589 
r.490 
1.615 

1.71a 
J. 96 2 
2.175 
2.425 

2.629 
2.879 
3.100 
3.317 

3-567 

3-798 
4.028 

4.^55 

4.480 

4-730 

5.053 
5.203 

5.423 



Threads 
per Inch. 

No. 



20 
18 
16 

14 

15 
12 

II 

10 

9 

8 

7 
7 
6 

6 

5i 

5 

5 

4i 
4i 

4 
4 

3i 
3i 
3t 
3 

3 
2| 

2| 

24 
2^ 

2* 



Br uto and Bnli Heads 

are determined by the following rules^ 
which apply to Square and Hexagon 
Nots both : 
Short diameter of rough nut 

— l^xdia. of bolt +Jin. 
Short diameter of finished nut 

rrrUxdia. of bolt+1-16 in. 
Thickness of rough 'nut. 

—diameter of bolt. 
Thickness of finished nut 

=diameter of bolt—l-lG in. 
Short diameter of rough head 

—1^ xdia. of bolt+J in. 
Short dia. of finished head 

=:l^xdia. of bolt+1-10 in. 
Thickness of rough head 

=r^ short dia. of head. 
Thickness of finished head 

=:dia. of bolt— 1-16 in. 

■I » 

The long diameter of a hexagon nut 
may be obtained by multiplying the 
short diameter by 1.155, and the long 
diameter of a square nut by multiply- 
ing the short diameter by 1.414. 
The above standards for screw thre.<ids, 
nuts and bolt heads, were recom- 
mended by the Franklin Institute in 
Dec. 1864. The standard for screw 
threads has been very generally adopt- 
ed in the United States^ but proprir- 
tions recommended for nuts and bolt 
heads have not found general accept- 
ance because of the odd sizes of bar — 
not usually rolled by the mills — requir- 
ed to make the nut. 



WROUGHT SPIKES. 

Number to a keg of 150 lbs. 



Length. 
In. 



3 
5 

4 

4 

5 
6 



1-2 



1-2 



^ in. 

No. 

2250 
1890 
1650 
1464 
1380 
1292 



A in. 
No. 



1208 

U35 
1064 

950 
868 



f in. 

No. 



742 
570 



Length. 
In. 

7 
8 

9 
10 

II 

12 



i in. 
No. 

1161 



A in. 

No. 

662 

655 
573 



in. 

No. 

482 

455 
424 

39» 



T^in. 
No. 

445 
584 

300 

270 

249 

236 



i in. 
No. 

506 
256 
240 
222 
203 
180 
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SIZES AND WEIGHTS OP HOT PBBSSED 

SQUARE NUTS. 

The sizes are the usaal manafactorers', not the Franklin Institute Standard. Both 
weights and sizes are for the unfinished Nut. The weights are calculated one cubic 
foot weighing 4S0 lbs. 



Size of 


Weight of 


Bough 


Thickness 


Side Of 


Diagonal. 


No. of Nuts in 


Bolt. 


100 Nuts. 


Hole. 


of Nut. 


tiqaare. 


100 lbs. 


\ 


'•5 


A 


i 


i 


.71 


6800 


A 


^•9 


« 


A 


« 


.83 


3480 


3 


4-9 


ii 


} 


* 


1.06 


2050 


T^.r 


7-7 


n 


^ 


i 


1.24 


1290 


i 


8.6 


A 


i 


r 


1.24 


1 1 70 


.1 

« 


II.8 


ft 


1 


I 


1.41 


850 


A 


16.7 


i 


A 


14 


1.59 


600 


.1 


17.7 


A 


8 


li 


"•59 


570 


fi 


22.8 


B 


i 


"t 


1.77 


440 


J 


5^.5 


» 


J 


1} 


1.94 


310 


2 


39.8 


Si 


It 


>i; 


2.12 


251 


i 


55. 


» 


i 


«» 


2.p 


190 


i 


63. 


M 


i 


I* 


2*47 


"59 


I 


68. 


f 


I 


If 


2.47 


146 


I 


94. 


1 


I 


2 


2.85 


106 


ih 


105. 


ift 


■ i. 


2 


2.8g 


97 


ih 


157. 


la 


I*: 


^i 


3.18 


75 


I ^ 


145. 


liV 


1 ; 

■ 


' 


>l 


3.18 


69 


I J 


ift6. 


W, 


'; 


■ 


n 


3.54 


54 


iH 


247. 


lA 


«< 


! 


li 


3.89 


4" 


H 


5»9. 


lA 


li 


> 


424 


JI.5 


11^' 


4C0. 


i/«- 


ig 


5J 


4,60 


24.8 


ij 


5^0, 


i& 


I J 


Si 


4-95 


19.9 


il 


6ic\ 


Hi 


>i 


5^1 


5->o 


16.2 


.» 


75^. 


lU 


2 


4 


5.66 


J 3-4 


U 


780. 


If 


a* 


4 


5.66 


12.8 


-^k 


930. 


2 


ai 


4i 


6.01 


10.7 


-^i 


960. 


--i 


i| 


4i 


6.01 


10.4 


^i 


up. 


>i 


3i 


4i 


6.56 


8.9 


^^ 


1570. 


-A. 


2i 


. 4f 


6.72 


7.5 


5 


1610. 


^Jj 


^ 
> 


«; 


7.07 


6.2 


a 


21 lO. 


irt 


5* 


5i 


7.7« 


4.7 


1 1 


2750. 


a 


3i 


6 


8.49 


3.6 
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SIZES AND 'VTEIGHTS OF HOT :?RESSED 

HEXAGON NUTS. 

The dset are the usual manufacturers', not the Franklin Institute Standard. Both 
weights and si^es are for the unfli^iahed Nut. The weii^hts are calculated, one cubic 
foot weighing 480 lbs. 



Size of 


Weight of 


Soug^h 


Thickness 


Short 


Ijong 


No. of Nuts in 


Bolt 


100 Nuts. 


Hole. 


of Nut 


Diameter. 


Diameter. 


100 lbs. 


♦ 


1-5 


& 


i 


\ 


.58 


8coo 


A 


2.4 


A 


^'W 


i 


.71 


4»70 


a 


4.1 


U 


S 




.87 


2410 


A 


6.8 


U 


A 


• 


l.OI 


14O0 


i 


7.1 


^v 


1 




I.OI 


1410 


i 


9.8 


T^ 


4 




1.15 


1020 


A 


14.0 


i 


A 




1.50 


710 


6 


14.7 


Vk 


» 




1.50 


680 


1 


19.1 


i 


* 




1.44 


520 


g 


22.9 


a 


» 




1.44 


440 


1 


27.2 


1^ 


» 


_ s * 


1.59 


370 


♦ 


59. 


1^ 


t 




I'll 


256 


i 


44. 


H 


i 




J.88 


226 


i 


50. 


H 


I 




1.88 


198 




57. 


i 


• 
I 




^.c-: 


176 




64. 


1 


Ih 




2.02 


156 


I'j 


96. 


l;\ 


Ji 


1 


2.31- 


104 


1* 


n4. 


i^ff 


iS 


2 \ 


2.60 


75 


il 


180. 


itk 


li 


n 1. 


2.89 


56 


I* • 


255. 


I A 


I* 


a f 


3.18 


42 


i» 


300. 


ii^ 


If 


I 


5.4^ 


55.4 


I* 


570. 


lA 


II 


l\ 


5.75 


26.7 


li 


460. 


liA 


1 


? 1 


4.C4 


21.5 


1 


450. 


1 1,1 


1 


3 i 


4.C4 


22.4 


2* 


560. 


li 


1\ 


3f 


4.35 


18.0 


»* 


560. 


1 


^i 


5i 


4.55 


17.7 


ll 


680. 


2* 


a 


4 


4,62 


14:7 


2* 


8ro. 


^* 


--i 


4i 


4.91 


12.5 


2» 


980. 


aiV 


->f 


4i 


S.-zo 


10.2 


} 


1 1 50. 


2« 


5 


4? 


5.48 


8.7 


}* 


154c*. 


^K 


5i 


5 


5.77 


7.5 


" 


1580. 


54. 


H 


5i 


6.06 


6.3 1 
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DEOIMAIiS OF AN INCH FOB EACH. ,Vth, 



iftids. 


^ths. 


Decimal. 


Fraction 


i\dB. 


^ths. 


Becimal. 


Fraction 




r 


.015625 








.515625 




I 


2 


.03125' 




17 


34 


.53125 






5 


.046875 




_ 


55 


.546875 




* 


4 


.C625 


1-16 


18 


56 


.5625 


9-16 




5 


.078125 






37 


.578125 




5 


6 


.09375 




19 


38 


.59375 






7 


.109^75 






59 


.609575 




4 


8 


.125 


1-3 


20 


40 


.625 


5-8 




9 


.140625 







41 


.640625 




5 


lO 


.15625 




21 


42 


.65625 






11 


.171875 






43 


.671875 




6 


12 


.1875 


3-10 


22 


44 


.6875 


11-16 




13 


.20J125 






45 


.705125 




7 


«4 


.21875 






46 


.71875 






15 


.234375 






47 


.734375 




8 


j6 


.25 


"-4 


24 


48 


•75 


3-4 




17 


.265625' 






49 


.765625 




9 


i8 


.28125 




25 


50 


.78125 






>9 


.296875 






51 


.796875 




lo 


20 


.5125 


5-16 


26 


52 


.8125 


15-16 




21 


.528125 


' 




55 


.828125 




II 


22 


.54575 




27 


54 


.84375 






^3' 


.359375 




/% 


55 


.859375 




12 


24 


.375 


3-8 


28 


56 


.875 


7-8 




25 


.590625 






57 


.890625 




'3 


26 


.4062s 




29 


58 


.90625 






27 


.421875 






59 


.921875 




14 


28 


.4375 


7-i6 


50 


60 


.9375 


15-16 




29 


.453125 






61 


.953125 




15 


30 


.46875 




3t 


62 


.96875 






?i 


.484375 






63 


.984375 




i6 


52 


.5 


1-2 


52 


64 


I. 


I 



The following extract on <' Workshop Drawings " from the American Engineer 
of Nov. 7th tJiG and 21st 1884, though perhaps not in exact accordance with the previ- 
oils part of this chapter, contains so many nsefnl hints that it has been considered 
advisable to insert it. 

*< The following article is by Alfred D. Ottewell, who can speak with authority 
from a life long experience in the best shops of Europe and America : 

AVhile each draughtsman has his own method, and each firm its own rules, it is 
believed that the following process of preparing working drawings, haying given the 
general design and dimensions of the article to be manufactured, may contain points 
worthy of the consideration and adoption of both ; being the result of an extensive 
practice and detailed observation. 
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PROCESS* 

I. Draw large soule details of general conneotious — t. e., where the separate 
pieces are joiued together. Tliese details are made chiefly for office use, though 
parts of them may be traced for the shops. Tiieir principal use is to enable the 
draughtsman to di*aw out each part separately for the shops. These details need 
not be inked m or traced, except for purposes stated in III, as the subsequent draw- 
ings are complete in themselves for workshop use or reference. 

II. Draw each member separately in pencil by the previous details made. If 
the draughtsman traces his own drawing the dimension need not be put on this pen- 
cil drawing, except guidmg dimensions for reference. It is easier and saves time to 
put the dimensions directly on the ink tracing, since the traouig is more readable 
than the pencil drawing ; whilst it also saves the time necessary to trace the dimen- 
sions. 

III. . Trace pencil drawing spoken of in II on tracing cloth. If any parts of the 
details in drawing mentioned in I are necessary to explain any part of the members 
shown on this drawing it is traced in juxtaposition with those members. By this 
means all the details of one member are shown together; if possible, on one drawing; 
thereby preventing confusion of workmen, inspectors, draughtsmen, and everyone 
connected with the work. 

The process adopted by the author of making this tracing is as follows : 
i. Tracing in circles or parts of circles, 
ii. „ M hnes showing straight parts of members, 
iii. „ ,, freehand curves of members, 
iv. „ », centre hnes. 
V. Putting in dimension lines, 
.vi. Marking ofif dimension points or arrow heads, 
vii. Writing dimensions, 
viii. Sectioning parts shown in section, 
ix. Giving a separate mark to each piece. 
X. Putting on bill of material shown on drawing, 
xi. Writing title, including name of job and order number, 
xii. Entering drawing in '* Drawing Book " and putting number on drawing. 
Signature of draughtsman and date, 
i Preceeds ii, since it is easier to trace two straight lines to touch a circle than it 
is to trace a circle to touch two straight hnes. 
iii. Succeeds i and ii for a similar reason. 

iv. Is in the position shown to adjust for any inequahties in tracing ; such as 
tracing a circle shghtly out of centre on drawing. 

vi. Preceeds vii. since it facilitates dispatch, as the questions '^ What dimensions 
will best suit the requirements of the workman ? " and << What size those dimensions 
actually are ? " are considered separately instead of alternately, as is generally the case, 
viii. Succeeds vii, as it often happens that sectioning and dimensions should cover 
the same ground, in which case the former can be left out, thereby makhig the 
dimension much more readable. 
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The bUl of material x, gives the number and size to order, of articles required to 
be furnished to satisfy that drawing, and is made as follows, for example ; 

MATERIAL FOR TWO CRANES. 



No. 



2 

6 

4 

12 

i6 

4 



DESCRIPTION. 



Forgings 



Angles 5" x 5" x V 

Plates la" X r 

f" Bolts. H. H. and N. .. 

J" Tap Bolts. H. H 

1" Bolte. CK. H. SQ. N. 



LENGTH. MARK. 



6' li' 



»/ 



AA. 
AB. 
AC. 
AD. 
AE. 
AP. 






The marks A A, AB, etc., are shown on the details to which they refer. 

ix Is adopted to give each piece a mark to distinguish it readily from other 
articles, and also to assist the formation of x, as the bill x is a better arrangement 
than the old plan of marking off on each piece the number required, as it shows the 
workman readily all that is on the drawing for him to make, and enables him to see 
at once when he is through with the work shown on the drawing. 

The titfe, xi, should be in the same relative position on all drawings ; preferably 
the bottom right hand corner facing the drawing, as this is the most convenient for 
reference when filed away in di-awers or rolls. Whether the tittle should or should 
not give the name of the firm or work for which it is for is an open question. The 
advocates for the affirmative say it is easier to remember a name, because more 
interesting, than an order number ; whilst the advocates for the negative say such 
information makes the work too pubUc in many cases. ^ 

xii. The signature, preferably initials, of the draughtsman should be given on 
the drawing to facilitate reference to him should any question arise. 

After the tracing has been signed by the draughtsman let it be, 

IV. Examined or checked by auother draughtsman. In this examination 
every dimension and note on the tracing is to be examined ; and all the necessary 
dimensions and information for the workman shown to be on the tracing ; and the 
fact ascertained that no two parts of the work will foul with each other. 

When the examiner has satisfied himself on these points, his signature on the 
tracing is requu*ed to attest the fact, which signature is a guarantee to the foreman 
that the tracing is ready to work to. 

Sometimes the tracing is made and examined by one and the same draughts- 
man. This is a quicker plan than the former, as the di*aughtsman is more familiar 
with the work on his own drawing, but it is not as safe, as the draughtsman is liable 
to make the same mistake twice over. 

After the tracing has been signed by the examiner let a 

Y. Blue pfint be taken from the tracing and sent into the shops to the foreman 
engaged on the work, or to the ** work's manager," as the case may require. The 
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mtae of blue print should be entered in a book with the name of foreman sent to, 
and the date on which it is sent. These particulars are useful to refer to, in case of 
an investigation being made into any delay in the proceedure of the work. 

If tlie blue print is taken directly from the drawing made on thin, semi-trans- 
parent drawing paper for the purpose, the reader will readily see the slight modifica- 
tions to be made to the preceediug remarks.'-^' 

The foregoing process may appear at iirst sight a lengthy one, but as it has 
been formed with the primary objects of securing great accuracy and dispatch in 
xxiauufacture, it is believed that shght excess, if any, iu cost of drawings made by 
tliis plan is doubly repaid by the saving in cost of manufacture. If, however, two 
cirawings giving the same uiformation and of equal efficiency are produced, one 
xuade by the above process and one made by any other process, it is believed the 
former will be made in less time, and with less labor, than the latter. The principle 
of doing one thing at a time is adopted throughout, and the practice sometimes 
adopted of finishing and tracing one part of a drawing before another part is com- 
xnenced is, in this light, obviously wrong, unless there are especial reasons for doing 

80. 

x 
II.-EULES TO BE OBSERVED IN THEIR PREPARATION. 

I. Put as httle as possible on drawings, to prevent confusion, but everything 
necessary for the construction of the articles represented. 

Unnecessary details, full or dotted lines, circles, shading, dimensions, notes, 
etc., involve a waste of time for both draughtman and workman, besides making the 
drawing confusing or more unreadable. Everything on the drawing should have 
a definite right to be there, so that if dimensionse tc, are repeated, it should be to 
facilitate the workman in understanding tlie drawing or in avoiding a liability to 
misunderstand. Often draughtsmen, either from want of thought or because it is 
easy and pleasant occupation, draw in detail, rivets, bolts, etc., where centre Hues 
would do equally as well. If the drawings were to be pictures intended to be under- 
stood by the untrained mind, such details would be necessary, but such is not the 
case ; working drawings are made up of a series of symbols which are understood to 
represent certain articles, materials or methods, and a workman will often under- 
stand a centre line, with given dimensions, to represent a rivet or bolt where details 
would tend to make the drawing confusing. 

II. Make dimensions to suit the workman's requirements in preference to 
your own. 

The draughtsman should, to carry out this rule, mentally go through the pro- 
cess of making the article represented on the drawing just as the workman will 
make it. It wastes a workman's time to require him to add and subtract a number 



* Such paper can be obtained from Charles Schleicher and Sohiill, Diircn, Rhenish Prussia. 
It is numbered 785, and comes in rolls 33 yds. long, by 38 to 40 inches wide. Price per roll 
25 shillings. 

By its use contdderable time will be saved in making blue prints. 

J. A. L. W. 



— 200 — 

of unnecessary dimeusious to iiud an essential one, besides making liirn liable to err. 
The draughtsman can more easily find such a dimension himself, and when once 
wriitep on the drawing it is there for all the workmen requiring it. 

III. Make as few notes as possible on a drawing ; put dimensions or symbols 
instead. 

Such notes are easily missed and are seldom read. They belong more to speci- 
fications than to drawings, and where instruction has to be given on drawings it 
can generally be given in a more readable form by symbols that catch the eye than 
by writing. 

By '* symbols " in this case is meant the usual marks adopted by different firms 
to indicate drilled holes, tapped holes, countersunk holes, holes left open, parts 
machined, steel, brass, etc. Such symbols are seen at a glance whilst a note re- 
quires more or less study, is more verbose and is more easily missed by the workman. 

IV. Put all details and information required to make each article on one and 
the same drawing. 

To give one detail of an article on one drawing, another on another, and so on, 
requires the workman making that article to monopolize those drawings and pre- 
vents other workmen from using them for other parts of the work. The article 
itself is made under greater difficulties, as it confuses the workman if he is required 
to pick out the details from several drawings and from among other details. 

Y. Put all dimensions for each article as near together as convenient. 

It wastes a workman's time to require liim to hunt for the dimensions of the 
piece he is making in the different parts of the same drawing. Thus if a web plate 
of a girder, say, be shown on the drawing the size may be given 8' 6" x f " x 7' 8" 
say, instead of showing the width in one place, thickness in another, and length in 
another. 

VI. Make thick hues and thick plain block figures. These are more easily 
seen and read by the workman in the shops. The blue prints from such tracings 
are more uniform and distinct. Such lines and figures are not so soon obUterated 
or soiled by the dirt of the shops. The figures should be plain ; the object being to 
make them easily readable, more useful than ornamental. Ornamental figures and 
lettering should be reserved for designs, estimates, etc. 

YII. Oive inspector's dimensions. 

These are generally main dimensions. In examining the work, Mid in the work 
when in place, the intermediate dimensions are not of much importance. For ex- 
ample, the dimensions used by an inspector examining the columns for a building 
are, say, distance from underside of bearing plate to bearing surface for shoe of 
rafter or principal ; distance from underside of bearing plate to centre line of holes 
for connecting floor beams to columns. The former dimension, being a main dimen- 
sion, would generally be given as required, but the latter is often to be obtained only 
by additions and subtractions, trying to the patience of inspectors or examiners in 
inclement weather. 

YUI. Instead of the term '' right hand,'' use ** as shown," and instead of ** left 
hand," use ''opposite hand." 



f 
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The terms ** right hand," **left haul" are ambiguous, since they do not say 
"which is as drawn and is wliich opposite hand. For example, if there are twelve articles 
required for a given detail, nine of tVem to be right hand and the remaining three 
left hand, the order is ambiguous since it does not say whether the drawing represents 
» right hmd article or a left hand article. It* the order is nine required as shown, . 
a.iid three required opposite hand no such ambiguity exists. 

IX. Let the drawings of cast-iron work be separate from the drawings of 
Tvrought iron work. 

The pattern-maker should have no use for the wrought iron work, nor should 
i.Le template maker or smith be required to hunt his work out of a mass of cast 
Iron work. 

X. Use rounded corners in castings where good, strong, durable castuigs are 
^required. 

Such rounded corners add strength, since the contraction on cooling is more 
«ven. They secure better castings!, since the sand of the corners in the mould is 
not so liable to be washed away into any parts of the casting ; they secure also more 
durable castings since the corners are not so liable to be knocked off by use. Of 
course the patterns with rounded corntirs for rough odd castings may be too ex- 
pensive, imless the above advantages are more important than the cost. 

XI. Put no scale on the drawings. 

The workman is in no case to scale the drawing, except certain full size details, 
but should work to dimensions given. Scaling a drawing is obviously wrong. If the 
draughtsman has made the drawing to scale throughout, which is not always the 
case, the pattern maker, fitter and smith will often on scaling dimensions give dif- 
ferent results, thus making it difficult to fit the different parts of the work together. 
If a required dimension is not given the draughtsman should be requested to give it. 
" Putting a scale on a drawing is therefore worse than useless, since it tern ts the 
Workman to use it where dimensions have been accidentally omitted. 

XII. Accuracy and completeness in execution are more valuable than dispatch. 
This might almost be considered an axiom, but if based upon definite reasons it 

"Will have a firmer hold upon the mind of the draughtsman. An error on a drawing 
becomes more costly to make the longer the correction is delayed. Take the follow- 
ing example : On the drawing of a cast-iron steam engine cylinder the inside dia- 
ineter is given 1' 8", but on the drawing of the piston the diameter is given 18''. 
Xioic the mistake occurred is apart from the argument, smce mistakes do occur for 
which no reason can be given. If the draughtsman sees the mistake as soon as made 
it will only cost a few moments of his time to correct it. If the examiner detect it, 
it will cost somewhat more. If the workman or foreman should happen to detect it 
before constructing the piston a little more expense is incm-red in correcting the mis- 
take ; and if the piston and rings are cast, on detection much more expense is incur- 
red , whilst if the piston is machined complete, ready for fitting, much more expense 
is incurred in correction. The argument is that the draughtsman should woik with 
care, and not that he should go over the same ground twice, as it is the examiners 
duty to thu& check the drawing ; for it is obviously a waste of time for the examiner 
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to examine work that has been previously examined. 

XIII. Make as few variations as possible. 

In repetition there is economy. If two castings can be made from one new 
pattern they will cost less than if they require a new pattern made for each of them* 
Again, if the two castings are slightly different from one another, the pattern can 
probably be made to suit both with a slight alteration, in which case the two castings 
will cost less than if they are designed so that they will require two whole new 
patterns. A saving is effected if the two castings can be designed aUke without 
inconvenience, instead of opposite hand to each other, as, even if each does not 
require a separate pattern, the time taken by the moulder in taking the pattern for 
alteration to the pattern maker, and the time taken by the pattern maker in altering 
the pattern is entirely lost. Very often castings can be designed by the careful 
draughtsman to be cast from one pattern slightly modified to suit each case, and by 
this means unnecessary expense saved. 

Bivets of equal pitch cost less to mark off on template than if of unequal pitchy 
since the layer- off has to set his dividers once in the former case, and a number of 
times in the latter. Adopting the same sized rivet or bolt throughout a structure is 
often cheaper than varying the size to suit theoretical requirements, as the additional 
labor in changing punches, drills, cores, etc., the additional handling and liability to 
err, in the latter case are more costly than the waste of material in the former. This 
principle of the economy in repetition is of the greatest importance and cannot be too 
widely studied.'* 
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The next group inclades the connecting plates at the hips and intermediate 
panel points. The widths of the inner plates are, of course, equal to the depths of 
the channels which they connect, and those of the outer ones as great as will permit 
of their lying hetween the heads of the rivets which pass through the flanges : in 
case of necessity some of these heads might be countersunk so as to permit of a greater 
depth of outer connecting plate. 

The Umitiug thicknesses and lengths of these plates are given in the following 
table, which has been prepared under the assumption that Carnegie's sections are 
employed and that the rivets are spaced as closely as good practice will permit. 

When applied to the hip connection, the lengths of these plates are equal to the 
sum of the distance from the centre of the pin hole to tlie end of the plate on the chord, 
and that from the same pohit to the end of the plate on the batter brace. It must 
be understood that very heavy shallow channel* are not used, but that the most 
economic size for the whole truss is in every case employed. 



Depth of C 


Weight of C 


Thickness of Plate 


Total Length of Plate 


8" 
9" 

lO" 

12" 

15" 


12.5'* to !;• 

14.5* to 21* 

16* to 26» 

20* to 45» 
40^ to 6o^ 


S" to T^" 
I" to I'g" 

1" to }" 
-.'«" to i" 


32" to 44" 
32" to 46" 
32" to 48" 
56" to 66" 
42' to 70" 



The next on the list are the reinforcing and connecting plates at the pin holes 
in bottom chord struts. The former may always be made f " thick and three or four 
inches deeper at the middle than the strut channels. Their length should be about 
three feet. Where a joint occurs in the bottom chord strut, the thickness of each 
connecting plate should be i", and the depth at the middle from four to six inches 
greater than that of the channel, the increase being directly proportional to the depth 
of the channel. A length of four feet will be generally about right. 

Next on the list come the reinforcing or connecting plates at the shoes. 

The thickness for these may be taken as t^* for eight and nine inch chan- 
nels, y for ten and twelve inches channels, and J" for fifteen inch channels. The 
height of each vertical portion may be taken equal to twice the depth of the batter 
brace channels, and the length of the horizontal portion about the same or little 
more. 

Next come the reinforcing plates at the feet of the posts. If the channels be light, 
not greater in depth than twelve inches, and with flanges untrimmed, a thickness 
of J" will be sufficient for each inner and outer plate. For heavy sections of any 
depth, for all fifteen inch channels, and for channels with their flanges trimmed 
away it will bo well to increase the thickness to half an inch. The width of the 
outer plate should be made as great as will fit into the channels, and for small chan- 
nels it is well to make the horizontal portions of these plates wider than the vertical 
portions, so as to give room for attaching to the floor beam. The width of the inner 
plates should be at least as great as the depth of the post channels. If the latter be 
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small, the horizontal part of tho awformetl by the inner reinforcing plates may be 
made as wide as the upper flange of the floor beam. Both outer and inner plates 
eliould be long enough to extend nearly to the upper edges of the stayplates. 

Next come the reinforchig plates at the middle of posts. .These are placed pre- 
ierably on the inside of the posts, but may be put on the outside if there be any 
special reason for so doiug. When on the inside the thickness should be equal to 
that of the web of the channel, but never less than J". The width should be equal 
to the depth of the post channel. 

Ir placed upon the outside of the post, the thickness should be increased i" to 
allow for the necessarily diminished width. The lengrth should be about twice the 
depth of the channels, but should in all cases be great enough to extend two or three 
inches within the stay plates. 

Next come the bent connecting plates for intermediate struts to posts. These may 
be made of J" x 4" iron about thirty inches long. 

The connecting plates for brackets to lower portal struts, and for name plates 
to upper portal struts may be made of the length and thickness used in Chapter 
XVIII : the width, of course, will depend upon the distance apart of the portal 
stmts channels. 

The dimensions of the plates on the side braces and for connecting the side 
braces to the floor beams may either be scaled from Plate IX., which is drawn to a 
scale of one twelfth, or may be left to the judgement of the draughtsman. The bent 
plate at the upper end of the side brace should be at least i'f thick. 

The thickness of a connecting plate for track stringers over a floor beam, when 
the former abut against the latter, need be no greater than }", and the same thick- 
ness will serve for the connecting plates for stringers to floor beams. Octagonal 
plates between stringers and beams, used when the former rest upon the latter, 
should be J" thick. 

The other dimensions for connecting members between stringers and beams 
can be scaled from the plates. 

Cover plates should have a thiolcness equal to that of the plates, the joints of 
^hich they cover, and they should be a few inches longer than their width. 

The dimensions of fllUng plates need no comment. 

The sectional area of an extension plate should be twice as great as that of the 
channel to which it is attached, and its width should be equal to that of the channel. 
It is composed of two equal or nearly equal thickness, one of which should extend 
three or four inches below the upper edge of the stay plate, and the other at most a 
foot farther than the first. 

The thickness of outer jaw plates for lateral struts having no vertical pins 
should be i", the width at least equal to that of the channels and the length from 
three to three and a half feet. The inner jaw plate is necessarily shorter but usually 
of the same width : the thickness may be taken as |". 

For lateral struts witli vertical pins passing through the jaw plates, the thick- 
ness of the latter will have to be from 4" to f " and the width at the pin hole from 
7" to 9". the length required will be from four to four and a half feet. 
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For portal struts the jaw plates will have to be from \" to i" thick and from 
three to four feet long. If there be no portal vibration rods, the width of plate may 
be made equal to the depth of the portal strut channels, otherwise it should be about 
four inches greater. 

The thickness for any shoe or roller plate is given in Chapter YI« The width 
of shoe plate should be about four inches greater than that of the batter brace plate, 
and the length tliree inches or more longer than twice the depth of the batter brace 
channels. 

The width of a roller plate should be about six inches greater than that of the 
shoe plate, and its length eight or nine inches greater than the length of the same. 

Track stringer and plate girder bed plates should be about i" thick and 14" 
square. 

Beam hanger plates should be about H" thick and large enough to provide 
ftdl bearing for the nanger nuts. 

The sizes for latticing and lacing bars for all cases are given in Tables XX. and 
\2LL» 

Trussing bars should vary in section from i" x 8" to }" x 8i". 

The sizes for all truss pins can be intei*polated from the diagrams of stresses, 
and those for vertical pins attaching ntigU lateral rods to jaws can be taken from the 
following table. 



SIZE OF BOD OB BAB 


DTAMKTEB OF 
lEON PIN 


Bound 


Square 


iH" 


ift' 


J" 


ii« 


j»" 


}*" 


iH« 


itt" 


Ji" 


»• 


If" 


J*" 


»A* 


iH" 


ii" 


ar 


!*• 


Jl' 


«ft" 


iH" 


}l" 


aj" 


9" 


J*" 


»A" 


»A" 


Ji' 


«»" • 


2i" 


Jf 



It seems almost unnecessai'v to state that the diameter of the greater of the two 
lateral rods attached to the pin is to be used in determining the size of the latter. 

When double lateral rods are employed, the sizes of vertical pins through the 
jaws can be obtained from the following table. The bending moments are so great 
that it will generally be found necessary to employ steel pins. 



SIZE OF BOD OB BAB 


DIA. OF 
STEEL FIN 


DIA. OF 
IBON PIN 


Bound 


Square 


If" 

i" 

»*' 
»*• 

a*' 
a|' 


If 

i" 


Ji" 
iV 
it" 
Ji" 
Ji" 
J*" 
iV 
4" 

4r 

if 


ii' 
ii' 
4" 

4r 

44" 
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Brackets for connecting intermediate struts to posts or lower portal struts to 
batter braces may be made of 2 J" x 2i" — 4.9" angle iron: those for connecting 
upper lateral struts to posts may vary from the same size for short panels and low 
trusses to that of Sy x 3^" — 8.3' angle irons for long panels and deep trusses. 
Those for connecting portal struts to batter braces when there are no portal vibra- 
tion rods may vary from 8'^ x 3" — 6.9* angles for 70' span to 4" x 5" — 22' angles 
for 150' or 160' spans. The larger these brackets the greater the number of rivets 
necessary for their attachment, and the greater the diameter of the rivets. In pro- 
portioning brackets it is well to err on the side of safety. 

Brackets for connecting track stringers to floor beams may be made of 8" or 
9** light channels, and those for connecting floor beams to top chords in deck bridges 
of 6" or 7" light channels. 

The sizes of beam hangers are given in Table VII. 

The diameters of rollers may vary from 2" for short spans to 8" for long ones, 
the spaces between them being about an inch and their length nearly equal to the 
width of the shoe plate. 

Shoe pin supporting pieces should be made of heavy I-beam with thick web. 

The anchor pieces for sides of roller plates should not be made less than i" 
thick, and should be as long as the roller plates. 

Stringer bracing frames may be made of 8" x 8" — 7.2* angle iron: the same size 
may be advantageously employed for stiffening angles of track stringers and floor 
beams, though* somewhat lighter sections may often be employed. 

Stringer supporting shelves may be made of 4" x 6" — 16* angle iron. 

Sphce plates for webs of track stringers should be i" thick, as deep as possible, 
and wide enough for four rows of rivets : those for the flanges should have a sec- 
tional area a little greater than that of the flanges themselves and should be long 
epough to contain at least a dozen rivets on each side of the joint. 

The rest of the details on the list of members have either been so fully treated 
elsewhere or are so simple in their construction that their sizes may be readily deter- 
mined without any further explanation. 



CHAPTER XXI. 



ORDER BILLS AND SHIPPING-BILLS. 



When there is necessity for haste in building a bridge, time can be saved by 
sending a partial order bill to the manufacturers before starting to make the work- 
ing-drawings, or after they are partially pencilled. 

Bach preliminary order bills should include only those portions which are 
termed in this treatise ** Main Members/* and those details of the sizes of which the 
designer is certain ; for instance, stay plates, pins, brackets, and the plates and 
angles for built beams. 

The length of the main members in the bill should be three-quarters of an inch 
greater than will actually be required, in order to allow for the dressing of rough 
ends, and, should there be any doubt in the designer *s mind concerning the exact 
length of any piece, he should make the ordered length great enough to cover any 
variation which there may be in the design. 

Of course, where there are bevelled ends on a piece, the extreme length plus 
the allowance for waste must be given. 

Where a number of small pieces are to be cut from one large piece, an extra 
allowance of length must bo made to provide for the waste in cutting, say from an eighth 
to a quarter of an inch for each short length. After finishing the penciUing for a work- 
ing-drawing, the remainder of the preliminary order bill may be made out and sent. It 
should be divided into the following groups, containmg the measurements indicated : — 



Channels 


No. 


Depth 


Weight per foot 


Length 


Finished length 



Angles 


No. 


Thickness 


Legs 


Weight per foot 


Length 


Finished length 



I-beams 


No. 


Depth 


Weight per foot 


Length 


Finished length 




No. Thickness 



Width 



Length 



FiniKlied length 
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Eye bars 


No. 


Thickness 


Depth 


Depths of heads 


Length centre to 
centre of eyes 


Extreme length 



Adjiutable 
rods with 
plain eyes 


No. 


Diameter. 


Short Piece. 


Long Piece. 1 


Bod 


Upset 
end 


Diame- 
ter of 
eye 


Length 

of 

loop 


Length, 
centre of 
eye to end 


Diame- 
ter of 
eye 


Length 
of 
loop 


Length, 
centre of 
eye to end 



Adjustable rods 
with bent eyes 


No. 


Diameter. 


Short Piece. 


Long Piece. 1 


Bod 


Upset 
end 


Diameter 
of eye 


Length, centre 
of bend to end 


Diameter 
of eye 


Length, centre 
of bend to end 



Pins 


No. 


Diameter. 


• 

Length between shoulders 


• 

Extreme length 


Body 


Beduced 
ends 



Boilers 


No. 

> 


Length between shoulders 


Extreme length 



. Any details which will not go iuto one of these groaps will be made of material 
that the manufacturer keeps in stock ; for instance, fillers, washers, nuts, turn 
buckles, sleeve nuts, ornamental work, name plates &c. 

Pins should be ordered an eighth of an inch greater in diameter than required 
in the bridge, so that they may be turned down, and shoe plates and roller plates 
one sixteenth of an inch thicker so as to allow for planing. 

Spikes are generally purchased separately from special dealers. 

Lumber is, of course, bought separately ; it should be ordered in the following 
form. 



No. Pieces 



Thickness 



Wilth 



Length 



Kind of Wood 



After the working drawing is finished there should be prepared to aooompany it 
a final order bill in which are to be grouped all similar pieces and all their details 
which are attached to them in the shop. 

The following grouping wDl cover any case of an ordinary iron railroad bridge 
designed according to the method of this treatise. 



TOP CHOBD SECTIOKS. 



CL>nnelB 


No. 


Depth 


Weight per foot 


Fiuishe.l leugth 


I-beama 


No. 


Depth 


Weight per foot 


FiuiBhed length 


Angle- 


No. 


Lee* 


Thiokneas 


Finished length 


Long-pUtM 


No. 


Width 


Thicka«BB 


FiniBhed length 


CoMT.pkteB 


No. 


Wijth 


ThickueflB 


Fiuished length 


St^'-pUtM 


No. 


Width 


Thicknew 


FiniBhed length 


L.tlio«.lMmi 


No. 


Width 


ThickntM 


FiuiBhed length 




No. 


Width 


Thick ueBS 


Finished leugth 



BATTEB BBACES. 





No. 


Depth 


Weight per foot 


Finished leilRlh 


I-b«m.» 


No. 


Deptll 


Weight per tool 


Fioiahed leugth 


Angle. 


No. 


Lett. 


Thickne^B 


FinUhcd length 


Long.plitcs 


No. 


Width 


Thickness 


Finished length 


CoTM.plates (Hip) ... 


No. 


Width 


TbieknesB 


Finished length 


StSJ-plBtOB 


No. 


Width 


Thicknesfl 


FiuiBhed length 


L«ttico.b<irB 


No. 


Width 


ThiekiieB« 


Fiuished length 


CoDuoctiDg-platea 


No. 


Width 


ThicklieKH 


FinislieJ length 


Shoe-plates 


No. 


Width 


Thickiaesa 


FiiiifheJ length 



ChaunelB 


No. 


Dei^lh 


Weight per loot 


Finished teugih 


AnglfB 


No. 


Legs 


TliioknesB 


FinUhed length 


Long-plates 


No. 


Width 


ThiokneiB 


Finished lengfi 


Stay.pUte« 


No. 


Width 


Tiiickneas 


Finished length 


Lattiee-bttTB 


No, 


Width 


Thickness 


Finished length 


Extenaion-pblcs 


No. 


Width 


Thiokness 


Fiuinhed length 


Keiurorcing-plnten 


No, 


Width 


Thifkoeca 


Fiiii»hed length 



BOTTOM CHORD BTEUT6. 





No. 


Depth 


Weight pM foot 


Finished length 


Sta; plates 


No. 


Width 


Thickuesa 


Fini-hed length 


Laciog-bftrs 


No. 


Width 


Thickness 


Fioished length 


Be-enforciug pistes .,. 


No. 


Width 


Thickness 


Finished length 




No. 


Depth 


ThickntsH 


Finished length 



OPPEB LATERAL 8TBDT8. 



Channels 


No. 


Depth 


Weight pi-t fiiut 


Finished leugth 


Stay plates 


No. 


Widlh 


ThiekneB" 


Fiuialicl length 


Lfu^g.bars 


No. 


Widti 


ThicVneBS 


Finished leuglh 


Jao plates 


No, 


Widlh 


Tbii-kness 


Finished length 
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LOWER LATEBAL STBUT8. 



Cimiicels 


No. 


Dei.llj 


liVeieht per foot 


'FinUhod lunglh 


I-bcmuB 


No. 


Dpplh 


Wtight per tool 


Finidliod bngtli 


SU^pUles 


No. 


wiJtb 


ThickuoBB 


FiniBhed length 


Lariug-bars 


No. 


Widlh 


Tliicknesa 


FiniBheil length 


Jaw pla!«B 


No. 


Widlh 


Tbickuesg 


FJniBbfd length 



PORTAL 8TRDT8, 



Cbuucela 


Ko. 


Depth 


Weight per fool 


Finished length 




No. 


Width 


Thicknosa 


Fiuixbed length 


Lattice bars 


No. 


Width 


ThiukuesB 


FiniBhod length 


J'^" plates 


No. 


Width 


TUioknesa 


Finished lentfth 


Connecting - plates tor 










braokstB to cliaonel!!. 


No. 


WidlL 


Thickness 


Finished length 


Couuectiug-ptulea tur 












No. 


WiJlli 


TUicUiie.'iH 


FiniBliod length 



INTERMEDIATE STRUTS. 



t'baunela 


No. 


Depth 


Weight per loot 


Finished loogth 


I Lcams 


No, 


Depth 


Weight per foot 


Finuhod length 


StTl'lat.H 


Y«. 


Width 


Till ckn ess 


Finished length 


LncingbarB 


No. 


Width 


Thiekncxg 


Finished length 


Counecling pUtea to 










pOflts 


No. 


Width 


TbickneBB 


iFiiii«hed length 


Jan-platea 


No. 


Width 


ThickneHB 


Finished length 


Coniifcliug plates for 










brackets to channels. 


No. 


Widlh 


ThickuesH 


Finished length 



STIFFENED HIP VHRTICALS. 



CbannelB 


No. 


Depth 


Weight per foot 


Finished length 


Flutbars 


No, 


Width 


TluokneBS 


Length centre to centre ol 
eyes, and estreme length 


Btnypl«lea 


No. 


Width 


Thiukucea 


Finished length 


Laciiig-barB 


No. 


Width 


Thickness 


Finished length 


He-eaforoing plates ... 


No. 


Width 


TUckness 


Fiiiiahed length 


Tniasing 


No. 


Width 


Thicliaeas 


Finiahed length 



MAIN DIAGONALS AND PLAIN CHOED BARS. 



No. 


Depth 


TbicknesE 


Depth of 
heads 


lliiuknegs 
of hernia 


Diameter 
of ejes 


Length centre 

to 
centre of oyos 


Extreme 
length 
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HIP VERTICALS AND COTJNTEES. 



No. 


Section 


Diameter of 
enlarged end 


Lengths of 
loop eyes 


Lengths centre of eyes to ends, or 
centre of eye to centre of eye 



LATERAL AND VIBRATION RODS. 



No. 



Diam. 



Diameter of 
enlarged end 



Length centre of 

eye 
to bend or loop 



Length centre of bend 

or eye to 

end of short piece 



Length centre of 

bend or eye 
to end of long piece 



STRUTS OF TRUSSED CHORD BARS. 



No. of 
struts 



Section 



Sizes of 
heads 



Section of 
trussing 



Length of 
trussing 



Length of strut centre 
to centre of eye 



Extreme 

length 

pt strut 



SIDE BRACING, 



No. 


Section 


Siase of connecting-plates Size of i:jeinforcing plates 


Extreme length 
of brace 



FLOOR BEAMS. 



Plata 
Angl 
Tees 



€3 



No. 
No. 
No. 



Width 

Legs 

Legs 



Thic mess 
Weight per foot 
Weight per foot 



Finithed length 
Finii hed length 
Finii hed^ length 



TRACK STRINGERS. 



I-beaips . 

Angh 

Plat( 



Ni^. 
No. 

No. 



Depth 

Ijegs 

Width 



Weigh ; 
Weight 
Thickiess 



per foot 
per foot 



Finished length 
Finished length 
Finished length 



ROLLER AND BED PLATES. 



Plates . . 
Angles . . 


No. 


Width 
Legs 


Finished Thickness 
Weight Per foot 


Finished length 
Finished length 



NAME PLATES. 



No, 


Date. 



OTHER SEPARATE PLATES. 



No. 



Width 



Thickness 



Finished length 
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PINS AND THEIB NUTS. 



No. 


Diameter 


Size of Nats 


Extreme length 



BOLTS AND THEIE NUTS. 



No. 


Diameter 


* 

Size of nuts 


Length nnder head, or extreme length 



BRACKETS. 



Angles 

Channels 
Tee-iron 


No. 
No. 
No. 


Legs 

Depth 

Legs 


Weight per foot 
Weight per foot 
Weight per foot 


Extreme length 
Extreme length 
Extreme length 



ORNAMENTAL WORK. 



No. of pieces 


Description 



GUARD RAILS. 



No. of pieces 


Section 


Weight per foot 


length 



BEAM HANGERS AND THEIR NUTS. 



No. 



Section 



Diameter of 
upset end 



Diameter 
of eye 



Size of nuts 



No. of nuts 



Length of one leg 



SETS OF ROLLERS. 



Rollers 

Croes-rods 

Side-bars ... ... 


No. 
No. 
No. 


Diameter 
Diameter 
Thickness 


Length between shoulders 
Length between shoulders 
Width 


Extreme length 
Extreme leng^ 
Extreme length 



FILLERS FOR PINS. 



No. 


External diameter 


Internal diameter 


Length 



TURN BUCKLES AND SLEEVE NUTS. 



No. 


Taps 



BRACING FRAMES FOR STRINGERS AND GIRDERS. 



Angles 
Plates 



No. 
No. 



Legs 
Width 



Weight per foot 
Thickness 



Extreme length 
Extreme length 



^^ 



^ . LA 
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DIAGONAL BBACma ANGLES FOB PrATE OIBDEB SPANS. 



No. 


Legs 


Weight per foot 


Ex^me length 


WASHERS. 


No. 


Diameter 


Diameter of boltGf 


SEPARATE RIVETS. 


No. Di uneter Length u: ider head Kind of head Position in bridge Parts connected 


PIN PILOTS. 


No. 


External diameter 


• 

Internal diameter 


LQPK NUTS. 


No. 


Size ' 


Description 



Some engineers send also a complete bill of rivets to be used in the shop ; but 
this is scarcely necessary, as it is more properly the place of the manufacturer to 
prepare such a bill. 

The following form will be needed for the purpose : — 

RIVETS. 



Member 


No. 


Diameter 


Length between heads 


Kind of heads 


Parts connected! 



An allowance of three per cent should be made for waste in shop rivets, and 
from ten to twelve per cent in field rivets. 

If the hip verticals be flat bars, they are to be transferred to the group of 
** Main Diagonals, etc/' 

The corresponding form of ** Shipping Bill" is as follows ; — 

STRUTS. 



Member 



No. 



Length centre to end, or extreme length 



Mark 
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BARS. 



Member I No. 



Sootion 



Diameter of eyes 



Sizes of headB 



Length centre to 
centre of eyes 



Mark 



BODS. 



Length centre of 
eye to end* or 
centre of eye 

to centre of eye 



Member 



No. 



Diameter 



_ 



Diameter of 
eyes 



Diameter of 
apset ends. 



Threads 
B. or L. 



Mark 



SIDE BBACINO. 



No. 


Section 


Extreme length 


Mark 



FLOOB— BEAMS. 



No. 


Extreme length 


Mark 



TBACK STBINGEBS. 



No. 


Extreme Length 


Mark. 



BOLLEB AND BED PLATES. 



No. 



Position (fi Ked or free end) 



Mark, if any 



NAME PLATES. 



No. 


Date 



OTHEB SEPARATE PLATES. 



No. 



P >sition 



Mark 



PINS AND THEIB NUTS. 



No. 


Diameter 


Length between shoalders 


Extreme length 


Dimensions of ends 


Mark 



BOLTS AND THEIB NUTS. 



No. 


Diameter 


Diameter of upset ends 


Length under head* or extreme length 
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bbAckbts. 



No. 



Fosiiioa 



Extreme leugih 



Mark 



ORNAMENTAL WORK. 



No. of pieces 


DeKcriptiou 

1 • 


Mai'k 


GUARD RAILS. 


No. 

• 


Length. 


BEAM HANGERS AND THEIR NUTS. 


No. 


Diameter of eye 


No. of nats and luck-uuts 


Mark 



ROLLERS. 



No. of sets 



FILLERS FOR PINS. 



No. 


External diameter 


Internal diameter 


Length 


Maik 



TURN BUCKLES AI^D SLEEVE NUTS. 



No. 


Taps 



BRACING FRAMES FOR STRINGERS AND GIRDERS. 



No. 


Position 


Mark 



DIAGONAL BRACING ANGLES FOR PLATE GIRDER SPANS 



No. 


Position 


Mark 



WASHERS. 
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SEFABATE BIVETS. 



No. 


DUmeter 


Length under heti 


EUd of bead 


FoeitioD iu bridge 




PIN PIW)TS. 




to. 


Eiteroal diuueter 


iDteroftl 


dUmeler 


Ukrk 


LOCK NUTB. 


No. 


Size 




Muk 



Tlio following is the ayatem of marking iron before sliipment which the anthor 
would recommeuil. It should be thoroughly comprehended by the manufacturer, 
the foreman in charge of erection, and the time-keeper or clerk, if there be either 
employed on the work. 

'Where the work is very eiteusive, the time-keeper generally checks the mater- 
ial as it arriveii on the ground. 

First, if there be more tli:in one npaii, each piece of each span should be marked 
with a daub of color peculiar to that et>an : thus the first span may be white, the 
second ydlon, the third blue, etc. ; c.^re being taken to choose such colors as will be 
readily distinguished upon the iron-work. 

The colors may bo marked in tlie last column of each division in the " Shipping 
Bill " and at the end ; thus the mark for a maiu diagoual may be " 8 Bl.," or " 2 
W. ; " the first representing the third set of main diagonals in the third span, and 
the other the second set in the first span. The letters Bl. are chosen for blue, so 
a^ not to be mistaken for tlie letter B used elsewhere. A similar precaution should 
be taken with the other colors. 

In addition to this characteristic color-mark, each piece should be marked in 
white paint according to the following method. 

R. and L. denote tliat the piece, if a maiu portion, Ues to the right hand or to 
the loft hand when one stands at the nearest portal, astride the centre plane of the 
bridge, and looks tow .rds the centre of the 
span. If a detail, it dcuotes that it lies t< 
tlie right or left hand when one stands 
astride the middle vertical piano of tlie 
truss to which the det^iil belongs, at the foot 
of the nearest batter brace, and facing the < 
centre of the span. The numbers can be j- 
readily nuderstood by referring to 
oompanying diagram. 





'■' 


.A^hA^^,^ 


/ 


\ 


'\|>^X'-'"" 






\y\y 


.'4-^4..rs..™ 
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Chord sections are to be numbered, and marked R. or Ij. 

Batter braces are to be marked B. or L. 

Channel bottom chords are to be numbered. 

Posts to be numberecl, and marked R. or L. 

Upper lateral struts to be marked U. 1, U. 2, &c. 

Lower lateral struts to be marked L. 0, L. 1, L. 2, kc. 

Portal struts to be marked U or L (upper or lower). 

Intermediate struts to be marked In. 1, In. 2, &o., the numbers corresponding 
^^vith those of the posts to which they are to be attached. 

Main diagonals and counters to be numbered. 

Hip verticals need no mark. 

Upper lateral rods to be marked U. 1, U. 2, etc. ; the numbers corresponding 
to those on the diagram. 

Lower lateral rods to be marked L. 1, L. 2, etc. ; the numbers corresponding to 
those on the diagram. 

Portal vibration rods to be marked P. 

Intermediate vibration rods to be marked V. 

Chord bars to be marked 1 A, 1 B, 1 C, 2 A, 2 B, 2 C, etc. ; the numbers corres- 
ponding to those on the diagram, and the letters denoting the position in the panel, 
A being for those on the exterior side of the truss, B for those next to the outside, &c. 

Side braces to be numbered to correspond t6 the panel points to which they be- 
long, and to be marked R. or L. 

Track stringers to be numbered to correspond with the panel, and to be marked 
R. or L., if there be any difference. 

Floor beams to be numbered to correspond to the panel points. 

Roller and bed plates to be marked R. or L., if there be any difference. 

Name plates require no marks. 

Separate plates to be numbered so as to correspond to the panel points to which 
they belong, and to be marked R. or L., if necessary. 

Lower chord pins to be marked L. 0, L. 1, L. 2, etc. ; the numbers correspond- 
ing to those of the panel points. 

Upper chord pins to be marked U. 1, U. 2, U. 8, etc. ; the numbers correspond- 
ing to those of the panel points. 

Portal diagonal pins to be marked P. 

Vibration-rod pins to be marked V. 

Pins at middle of posts to be marked M. 1, M. 2, M. 8, etc. ; the numbers cor- 
responding to those of the posts. 

Upper lateral rod pms to be marked T. 1, T- 2, etc., the numbers correspond- 
ing with the panel points. 

Lower lateral rod pins to be marked B. 0, B. 1, B. 2, etc., the numbers cor- 
responding with the panel points. 

Bolts need no mark, but should be boxed before shipment. 

Brackets to be marked P. or I. (portal or intermediate), also R. or L. 

Ornamental work to be marked R. or L. 
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Guard rails require no marks. 

Beam hangers to be numbered so as to oorrosponcl to the panel poiptB to which 
tliey belong. 

Rollers need no marks. 

Fillers to be marked the s^me as the pins to which they belong. 

Turn buckles and sleeve nuts, being attached to the rods before shipment, re- 
quire no marks. 

Bracing frames for stringers and girders to be numbered qo $is to qorre^ond 
with the panel points and the upper sides to be marked U p. 

The frames may be considered as dividing plate giirder spans into panels. 

Diagonal bracing angles for plate girder spans to .be marjt^d U or Jj (upper or 
lower) and to be numbered to correspond with the panqls into ^ioh :tbey may be 
supposed to divide the span. 

Washers need no marks: they should be box^d, or s^upg on bolts, )>efore 
shipment. 

Bivets need no marks, but should be bpxed. 

Klot nuts need no marks, as th.qre are so fe^' of theqfi rcq^ired. 

Lock nuts should be marked Dj, D^, &c., Ui, .Uj, Ac, y.i, V.^, Ac, L. il, L. 2 
<&c., H. 1, Ef. 2, i&c. and P, J) corresponding to \\eh diagonal, U to .^pper 4f^t€iral 
rod, V. to vibration rod, L. to lower lateral rod, H. to beti^m Impger and P t^ 
portal rod. 

In addition to these marks, there should be othqrs for thpse ua^pibci^s whioh i^re 
to be riveted together in the fiold, and which are assembled in the sl^op ^hen the 
rivet holes previously punched are reamed. These marks shovdd be punched ,ix^tp 
the iron with a steel poipt, and should consist of one, two, three, or.fpur do^ npon, 
each of the pieces so asseu^li.Ied, ,iu order tjliat no piece diirii^g ec^ctiou "wjiUi jbe put 
into the wrong place. 



CHAPTER XXIL 



ERECTION AND MAINTENANCE. 



The immber of men required to erect an iron vailrond bridge will vary from a 
dozen to a hundred and fifty or even more according to the length of span, location 
and the time to be occupied in erection. 

For any one bridge, there is a certain number of men which will be more econ* 
omioal than any other number ; and it is only experience which will enable one to 
tell beforehand what this number is. 

If there are too few hands, the work will lag, and difficulty will be experienced 
in handling heavy pieces : on the other hand, if there are too many men, they will 
stand in each other's way, and the total amount of effective work done by each man 
per day will not be a maximum. If, for any reason, there be need of haste, it will 
be economical to have a large force of men, notwithstanding the last mentioned 
consideration. 

Owing to certain well known peouliarties of Japanese workmen it is very dif- 
ficult to say how many men will be needed in any particular case : this matter will 
have to be left almost entirely to the judgement of the engineer. To such as have 
had no experience in bridge erection, the author offers with much diffidence the 
following tables as a mere guide. 



FOE RAISING SINGLE TRACK BRIDGES 



• SPAN 


No. 


OP MEN EEQUIKED 




Plate Girders 


Prom 


la to 18 




Pony TruBses 


M 


20 „ 25 




Thro. Spans under 100' 


»* 


25 ** 30 




loo' to 125' 


*» 


30 « 35 




125' >, 150' 


»» 


35 w 40 




150' « 175' 


» 


40 >» 45 




175' „ aoo' 


»» 


45 »> 50 




aoo' „ 22s' 


»> 


50 „ 60 




22s' ,, 250' 


»* 


60',, 75 




250' ,* 275' 


n 


75 ,* 90 




^75' »» 300' 


» 


90 ., no 
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FOR RAISING DOUBLE TRACK BRIDGES 



SPAN 


No. 


OF MFiN BEQXTIBED 


Plate Gizders 


From 


15 to 20 


Pony Trasses 


n 


25 ,. 50 


Thro. Spans under 100' 


»t 


50 M 40 


icC to 125' 


t» 


40 •» 45 


125' „ 150' 


»> 


45 « 55 


150' >. 175' 


»f 


55 »' 60 


175' w 200' 


•« 


60 ^ 70 


aoC n 225' 


** 


70 ,. 80 


225' „ 250* 


»» 


80 „ Q5 


250' w 275' 


»> 


95 « "5 


275' „ JOC { 


»» 


115 *> 135 



If the bridge is to be erected rapidly the nnmber given in the table can be pro- 
bably advantageously increased by from twenty-five to fifty per cent. 

The cost of raising a bridge depends more npon the foreman than upon the 
men. The best men will fail to do their full quota of work if the foreman be not 
energetic. Nor does it' suffice to have simply a good worker for a foreman : he must 
know how to keep the gang busy, or they will stand by and look on, while he does 
the work. He should also have their good .will, or the progress of the work will be 
unsatisfactory. 
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The outfit for a gang can be taken from the following table, in which the smaller 
numbers are for short spans, and the large numbers for long spans. 



IMPLEMENTS. 



••• ••• •• • 



••• ••• 



• • • • • • 



••• ••• ••• ••• 



••• ••• ••• 



Forges ... . 

Pairs of tongs 

Button setts for each size of rivets 

Drift pins of each necessary size 

Reamers 

Handle cold chisels 

Handle drift pins ... 

Cape chisels ... 

Plain chisels ... 

Bachet drills 

Wrenches for |" nutn ... 

Wrenches for f " nuts ... 

Wrflnches for |" nnts ... 

Wrenches for 1" nuts ... 

Rivetting hammers 

Light sledges... 

Heavy sledges... 

Hand lines f" dia. ... 

Guy lines 1" dia. hy 160' long 

FaU lines 1" dia. by 160' long 

Bope slings 

Sets of 10'' blocks ... 
Sets of 8" blocks 



... ••. 



... ... •'.* ... ••• 



... ... ... 



... ... ..* 



•a. ... ... ... .*• •*• 



... .*• ... 



... ... ... ... 



. • ... 



... ... 



... ... ... ... ... 



... ... ... ... ... 



..• ... 



... ... ••• 



... ... ... 



... ... ••• 



... •■* 



... ... 



.* ... .*• ... .*< ... 



.•* ... ... ... 



... ... ... ... ... ... .*• ••• ... 



... ... ... 



. • . • • ..I 



.• • ... 



... ... 



... ... 



... ... 



... ... 



.« • ... ... 



... ... ... ... ••. ... 



... • • • 



... ... 



... ... ... 



... ... 



... ... ... ... ... ... ... 



... ... ... 



... ... ... ..• ... .*• 



... ... ... 



Snatch blocks... 
Steel crow-bars 
Cross-cut saws 
Augers 1" dia.... 
Augers |'' dia.... 
Augers f ' dia.... 
Augers |" dia.... 
Axes ... 
Adzes 

Timber trucks... 
Monkey wrenches ... 
Chains 

Crabs 

Holding on bars 

Jack screws 

Large wrenches of different sizes for pins... 



... ... ... ... 



... ... 



... ... ... ... ... ... 



NUMBER BEQUIBED. 



... ... 



•^1 ... 



... ... ... ... 



... ... ... ... ... ... ... ... «•• . •*. •*• 

... ... ... ... ... ... ... ... ... ... ••• 



... ... ... 



I • • ... 



... ... 



. • • ... 



... ... ... ... ... 



... ... ... 



I • . ... 



... ... 



... ... 



... ... ... 



. . • • « • 



... ... 



... ... ... ... ... 



... ... ... ... 



... ... 



I or 


2 


2 to 


5 


2 to 


5 


5 to 


15 


4 to 


10 


2 to 


5 


2 to 


4 


15 to 


10 


8 to 


16 


I to 


5 


5 to 


10 


5 to 


10 


5 to 


lo 


J to 


6 


2 to 


5 


I to 


5 


I to 


5 


5 to 


12 


5 to 


12 


2 to 


5 


10 to 


20 


2 or 


J 


2 to 


5 


2 to 


^ 

p 


8 to 


20 


5 to 


7 


5 to 


6 


5 to 


6 


3 to 


6 


i to 


4 


5*0 


15 


J to 


7 


10 to 


25 


5to 


12 


5 to 


12 


2 to 


5 


1 to 


4 


jto 


8 


2 to 


6 
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ahd if necessary a pile driver with ita appurteuauces. The ordinary weight of a pile 
driver hammer varies from sixteen hundred to two thousand pounds, and will pro- 
bably cost from two hundred to two hundred and fifty or even three liundred yen. 

The height of the driver should be about thirty feet. 

Plate XII. illustrates nearly all the tools found in the list. The author wishes 
to apologize for the appearance of this plate and its very apparent want of scale ; for 
it was prepared from clippings taken from various advertising circulars. 8ome of 
the figures do not represent exactly what they were originally intended for, but the 
agreement is exact enough to give the reader a clear idea of tlie form of each tool. 

Besides the tools on the list, each carpenter should be provided with the usual 
special tools to be found in a carpenter^s kit. 

In getting ready to erect a bridge the first step is to prepare the ground in the 
neighbourhood of the site, so that there will be room to store the material and for 
the men to work. When the iron is received at the site it should be checked ; and 
any pieces from which the marks have been obliterated should be remaiked. The 
iron should be piled systematically, similar parts being grouped, and no iron should 
be allowed to lie upon the ground. It should be piled so that there will be no trouble 
in getting at any piece which may be required. The portions to be used first should 
be placed nearest the bridge site. 

The piers and abutments will be supposed tobe.erectedi as this work does not 
aim to treat of foundations. 

The next step is to put the falsework in place. If the bed of the stream be 
dry or nearly so, the bottom hard, the distance from the bed to tlie lower chord be 
no greater than twenty feet, and if there be no danger of a sudden rise of water with 
a swift current, vertical timbers resting on foot blocks with a cap and light diagonal 
bracing may be employed. 

If the ground be not perfectly firm, mud sills must be used instead of foot 
blocks, and, if at all soft, piles must be employed. The size of a mud sill should vary 
from 6" X 6" to 12" x 12" according to the hardness of the ground, the weight 
upon the sill and the height of the falsework. It is not necessary that the timbers 
be square : for ground not especially hard wide timbers laid on their floats are pre- 
ferable, as they distribute the pressure better. Square timbers should be used where 
the ground is hard in some places and soft in others, so as to prevent unequal settle- 
ment and a consequent distortion of the bent. 

If there be but one tier per bent, two vertical posts will be sufficient for short 
spans of single track bridges, but in all other cases a third vertical post midway be- 
tween the others will be required. The caps should be from 6" x 8" to 8" x 10" 
according to their unsupported length and the magnitude of the weights which will 
come upon them : they should project two feet beyond each truss. The upper ends 
of tlie posts dhould lie dire(;tly under the ttudses, and the caps should be drift bolted 
thereto. The bent should be braced by diagonal flat timbers, say from 2" x 6" to 
8'^ X 8", according to their length, running in opposite directions, one on each side 
of the bent, and bolted or spiked to the posts and cap. 
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If there be two tiers iu a bent or one tier resting npon piles which project more 
Ihan five feet above the surface of the ground, inclined posts having a batter of two 
inches to the foot should be placed outside of the vertical posts under the trusses. 

Each tier should be braced with diagonal timbers, as before. The greater the 
danger of high wind, the more effectively should each bent be braced. Alternate 
consecutive bents should also bo braced diagonally on their outer faces, and all 
consecutive bents should be connected by longitudinal horizontal planks well spiked 
to the caps. These planks will be useful, in fact often necesaaiy, for the workmen 
in passmg from bent to bent. If there be more than two tiers per bent, the batter 
of the incUned posts should be three inches to the foot. A good height for each tier 
is sixteen feet. 

Where the water is deep and rapid, piles will be required to rest the bents upon. 
There should be from two to five piles per bent, according to the width of the latter ; 
a pile being placed below each vertical and inclined post. These piles should be 
braced in the direction of the stream by flat timbers bolted thereto. Any bracing 
that may be given them transversely to the stream should be at such a distance above 
liigh- water level as to cause no obstruction to boats, trees, ice, or other floating 
objects. 

If the bottom be bare rock, incapable of holding piles, the mud-sills must again 
be resorted to. They should be weighted so that they may be sunk into place, then 
drift-bolted to the rock. This can be done without the aid of a diver. Of course the 
sills must be firmly attached to the lower tier before being put down. 

The tops of all piles should be cut off to an exact level, so that, when the bents 
are erected, the upper surfaces of the upper caps will he in the same horizontal plane. 

On these caps should be placed timber-beams stretching from one bent to the 
next, and lying immediately under the trusses. It is generally customary to place 
the bents under the panel points ; but the author prefers to put them two feet to one 
side, so that the floor beams may be swung into place without taking down the 
falsework. This method may, and probably will, require an extra bent at one end 
of the span ; so, if the bents be expeusiYC, it is better to put one under each panel 
point, and remove the upper tiers before swinging the floor-beams. 

For spans where the track stringers rest upon the floor beams, or for any spans 
when the bents of falsework are directly under the panel points, the level of the top 
of the longitudinal beams should bo at least twelve inches below the feet of the posts, 
so as to permit of the use of camber blocks, hke those shown on Plate XI. The 
angle which the contiguous faces make with the horizontal (less, of course, than the 
angle of friction of the wood) enables the under block to be easily knocked out when 
the span is to be swung. 

But for the case of stringers abutting against floor beams, and falsework bents 
to one side of the panel points blocks must be placed between the cambre blocks and 
the timber beams, so that the track stringers may pass over the upper caps of the 
lower falsework with a couple of inches clearance. 

The timbers for the caps and posts of the falsework are generally square, and 
the sizes for the latter are to be found from Table XXIV., after the stresses in 
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tliem have beeu ascertained as follows : — 
Let 

TF'i = weight per foot of tlie iron- work of the bridge, 

TP2— average weight per foot in height of one bent of falsework And the timbers 

whose weight it supports, 
p = wind pressure per square foot, 

A s= area per lineal foot which the two trusses present to the wind (it is general- 
ly about five or six square feet), 
A' =: the average area subject to wind pressure per foot in height on one bout, 

and its share of longitudinal bracing, 
{ =: panel length, 

Ch ^si ^3» etc. =3 horizontal distance between centre lines of inclined posts mea- 
sured along the caps, 
d =. depth of truss, 
du di du etc- S3 heights of the different tiers commencing at the top, 

h n vertical distance between centre of chord and upper cap of bent, 
and 

= the angle which the inclined posts make with the vertical ; 
then 

pAl = pressure on trusses at each panel point, 
pA'di = pressure on upper tier, 
pA^diSs pressure on second tier from top, 
pA'dz^sL pressure on third tier from top, 

tod the stresses 7"i, V^^ l\, etc., in the inclined posts of the first, second, and third 
tiers respectively, will be given by the equations. 

Pi = &c. + &c. 
These formulae are obtained under the supposition that the inclined posts are 
not aided by the vertical ones, which supposition is necessai-y in order to avoid am- 
biguity : it would be correct, were the falsework on the verge of overturning. If the 
timber be green, the error thus made upon the side of safety is advantageous ; but, 
if the timber be dry and of good quality, it is permissible to make a slight reduction 
in the size given by Table XXIV. In applying the table, find the size of square 
imber required for a stress Fi and length di sec 0, that for a stress F% and length 
di sec (ft etc., then take the greatest of these sizes. 
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The vertical posts should be strong enough to withstand a working-stress given 
by the equation, 



8 = 



Wil . TT, 



+ ^{^dt + dt+ &o. + dn-i + ^)^ 



"where n is the number of the tier cousideredi and S the stress in the corresponding 
vertioal post. 

One dimension of the vertical posts should be the same as the side of the square 
^which is the section of the inclined posts ; so that the diagonal braces may be flush 
^wiih the entire faces of the bents, and be bolted to the verticals without the inter- 
vention of filling- pieces. 

The more elevated the bridge, the more important does it become to properly 
proportion the falsework. The values of TFs and A^ will have to be assumed, or 
X'oughly calculated, before applying the equations. The other quanities are, or 
shoold be, known. The value of p may be taken from ten to fifteen pounds per 
Bqnare foot, unless the situation be more than ordinarily exposed, when it may be 
"taken at twenty pounds. One can afford to risk the chance of a hurricane striking 
"the bridge before it is swung. 

The sections of the caps are generally made the same as those of the iiiclined 
posts* The caps should be dapped to receive both upper and lower ends of vertical 
and incUned posts. The vertical posts should be drift-bolted through the caps, the 
lolt being long enough to project five or six inches into each post; and the inclined 
posts should be held in place by wooden splice pieces, one on each side of the bent, 
projecting above and below the cap, and fastened at each end by a bolt passing 
ihrough the two splice pieces and the post. This attachment may be used for the 
vertical posts instead of the drift bolts. 

For additional security against slipping a third bolt may be put through the 
spUce pieces and the cap, or cleats may be nailed to the caps above and below at 
the toe of each inclined post. 

All bolt holes in the timber should be accurately located and bored before the 
falsework is erected. On this account the bents should be all built after one pat- 
tern 00 that the parts may be interchangeble. If the bents be of different heights, 
the variation may be effected in the lowest tiers. Bolts are always preferable to 
spikes for connecting timbers, especially when the falsework has to be taken down 
and re-erected for another span. Care should be taken to avoid any unnecessary 
injury to the timber, in order that it may not be sold at too great a loss after the 
work is finished. 

There should be two plank walks on top of the lower falsework, exterior to the 
trusses and a runway midway between formcl of several wooden joists set on edge, 
for the purpose of bringing out the material thereon upon timber-trucks. 

The following table taken from Carnegie's '* Pocket Companion ** gives the safe 
imifbrmly distributed loads in pounds for these joists. The safe concentrated central 
hfAa can be found by dividing those given in the table by two. 
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"WOODEN BEAMS. 



Safe Iioad, UnlfomUjr l>Utribiited, for Reet«n|^lar IVl&lte or Yello'w 

Pine BeanM one Ineh tlUelc, 

allowing 1200 lbs. per square inch fiber strain. 

To obtain ihe safe load for any thickness, moltiply the safe load given in 
table^ by the thickness of beam. 

To obtain the required thickness for any load, divide by the safe load for 
one inch, given in table. 



a 

is 



Feet. 

5 
6 

. 7 
2 
9 

lO 

II 
II 

'5 
i6 

17 
i8 

'9 

20 
2J 
22 
^5 
24 



25 

a6 

27 
28 

I 29 



DEPTH OF BEAM. 



6" 



i'/ 



Lbs. 

960 
800 
690 
600 

5 SO 

480 
440 
4C0 
370 
540 

5 CIO 

500 
a8o 
270 
250 

240 

220 
210 
200 

190 
180 
180 
170 
170 



Lbs. 

1310 

1090 

030 

820 

730 

650 

S90 
540 
500 
470 

440 
410 
380 
360 
340 

330 
310 
300 
280 
270 

260 
250 
240 
23c 
230 



8 



// 



k" 



Lbs. 

1710 
1420 
1220 
1070 
950 

850 
780 
710 
660 
610 

570 

530 
500 

470 

450 

430 
410 
390 
370 
360 

340 

330 
320 

300 

290 



Lbs. 

2160 
1800 
1540 
1350 
1200 

1080 
980 
900 
830 
770 

720 
680 
640 
600 
570 

540 
510 
490 
470 
450 

430 
420 
400 
390 
370 



10 



// 



Lbs. 

2670 
2220 
1900 
1670 
1480 

1330 
1210 

IIIO 

1030 
950 

890 
830 
780 
740 
700 

670 
630 
610 
580 
560 

530 
510 

500 

480 

460 



II 



» 



12* 



Lbs. 

3230 
2690 
23C0 
2020 
1790 

1610 
1470 
1340 
1240 
1150 

1080 

1010 

950 

oco 

850 

810 
770 
730 

700 
670 

650 
620 
600 

580 

560 



Lbs. 

3840 
3200 
2740 
2400 
21*30 

1920 
1750 
1600 
1480 
1370 

1280 
1200 
1130 
1070 

lOIO 

960 
910 

870 
830 
800 

770 
740 

710 
690 

660 



13" 



14 



// 



15 



// 



Lbs. 

4510 
3760 
3220 
^820 
2500 

2250 
2050 
i88o 
1730 
1610 

1500 
1410 
1330 
1250 
1 190 

1 1 30 

1070 

1020 

980 

940 

900 
870 
830 
800 
780 



Lbs. 

5230 
4360 

3730 
3270 
2900 

2610 
2380 
2180 
2010 
1870 

1740 
1630 

1540 

1450 

1380 

1310 

1240 
1190 
1 140 
1090 

1050 

lOIO 

970 

93P 

900 



Lbs. 

6coo 
5000 
4290 

3750 
3330 

3000 

2730 
2500 
2310 
2140 

2000 
1880 
1760 
1670 
1580 

1500 
1430 
1360 
1300 
1250 

1200 

1150 

IIIO 

1070 
1030 



16^ 



Lbs 

6830 
5690 
48/^0 
4270 
3790 

3410 
3100 
2840 
2630 
2440 

2280 
2130 
2010 
1000 
1800 

1710 
1630 
1550 
1480 
1420 

1370 
1310 
1260 
1220 
1180 



The posts for the upper falsework should rest on the caps of the lower falsework 
a few inches inside of the trusses : they should be attached by splice timbers and 
cleats. The height of the upper falsework should be such that the upper surface of 
the cap will be at least six inches below the under sides of the top chord sections, so 
as to permit of the use of cambre blocks between. 

The author would recommend that the end bents of upper falsework be made three 
or four feet higher than the others, and the use of four posts there instead of two, one on 
the inside and one on the outside of each truss, in order to aid in raising and retaining 
in place the heavy batter braces. After the latter are put in position a horizontal 
timber may be firmly bolted to the bent at the level of the other bent caps for the 
temporary flooring to rest upon. Stout beams stretching from bent to bent will be 
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required to act as fulcra for the levers by which the chord sections are lifted and 
held in place while beiug connected. 

The cap of the upper falsework should be deeper than it is broad, because it 
Las to act as a beam, and may be subjected to considerable shock, when the chord 
sections are being put in place. The method of bracing shown on Plate XI. is spe- 
oially advantageous in respect to this consideration. 

The upper falsework should be braced longitudinally as well as transversely. 
The sizes of the posts will vary from 6" x 6" to 8" x 8" according to their 
length and the weight which they have to support. 

In both the upper and lower falsework the diagonal bracing in planes parallel 
to the longitudinal axis of the bridge should for economy*s sake be placed between 
Alternate pairs of bents ; that is, every other space between bents will be braced: 
the end spaces should, however, be braced in any case. 

Plate XI. gives an illustration of how the working drawings for falsework should 
l>e made. For economy of space the scale has been taken at one quarter of an mch 
t^o the foot ; but it should, if intended for an actual case of framing, be twice as 
61'eat. A drawing of this kind should be accompanied by bills of lumber and iron 
X^repared in a similar manner to that explained in Chapter XVII. Measurements 
C3f distances between bolt holes should be both scaled and calculated: those on 
IPlate^XI. were simply scaled, as the plate is intended for illustration only. 

The foreman of the work should be furnished with a blue print of the working 
drawings for the bridge, unless the type of structure be one with which he is per- 
fectly familiar. He must also be provided with a raising biU, which should consist 
of a skeleton diagram of one truss with the following information written thereon. 

Size of each truss strut and tie and mark for same ; also number of pieces of 
same in a panel of one truss. 

Diameters and lengths s. to s, of pins with their marks. 
Diameters, lengths and marks of fillers for same. 

Sises and marks of all separate plates belonging to the trusses, each in its pro- 
per position. 

A diagram for the lower lateral system giving the following information ; 

Sizes and marks of rods 

Positions of same showing which eyes are to go next the trusses. 

Sections, lengths and marks of lateral struts. 

Diameters and lengths of lateral pins, if any. 

Diameters and lengths of fillers for same. 
A diagram for the upper lateral system and portal bracing giving the following 
ioformation ; 

Sizes and marks of rods. 

Positions of same showing which eyes are to go next the trusses. 

Sections and marks of lateral and portal struts. 

Diameter and length of portal pins. 

Diameters and length of fillers for same. 

Diameter and length under head of portal strut attaching bolts. 
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He should be also provided with ft plan of the bottom chord packing, the trans- 
verse dimensions being exaggerated so that the size of each piece may be written 
thereon ; a bill of bolts giving the number and position of each kind, and a clear 
statement of the system of. marking the iron. 

Before starting to erect the bridge the foreman should study carefully all the 
plans so that he will have a clear picture of the bridge in his mind's eye, and will 
not have to be continually referring to the drawings during the erection. On a work 
of any magnitude there should be kept on hand a few standard nuts of each size 
ordinarily used, so that the loss of a nut or two will cause no delay : for the same 
reason there should be a few extra bolts of each size. 

The material as a general rule is all piled on one side of the stream, the raising 
should therefore be commenced at the other side so that the passage of the material 
will not interfere with the work. If there be no objection, the far end of the bridge 
should be the fixed one, so as to start from something permanent, but this is not 
absolutely necessary. 

To illustrate the method of raising take for example the bridge treated in 
Chapter XVIII., and assume that the foundations with their anchor bolts and false- 
work, are in place. The first thing to be done is to lay out the centre line of the 
bridge upon the falsework caps, marking it with a small-headed tack on each cap, 
then the centre lines for the trusses in the same way. This can be done either with 
a transit, or with a carpenter's chalk-line ; care being taken to make the transverse 
measurements to the outer Unes exactly perpendicular to the central line. A test of 
the accuracy of the perpendiculars can be made by the three, four, and five method, 
using a tape-Une. Next, mark the exact positions of the panel points upon the 
longitudinal beams under the trusses, and place the camber blocks, levelUng over 
them so as to make the lines joining the central points of their upper surfaces 
parallel to the curve of the chords. It is better to have the blocks a trifle high, say, a 
quarter of an inch near the centre, and an eighth of an inch near the ends, or more, 
if on account of the height of the falsework, a greater settlement be anticipated. It is 
better to have the height too great than too Uttle ; for, if on account of too mitch 
cambre the last chord connection cannot be made, it is only a few minutes* work to 
tap the blocks a Uttle, so as to lower them the requisite amount. 

Four small nails will hold each pair of camber blocks from slipping during the 
work, and they can be left so as to be easily extracted before swinging the bridge. 
Next transfer the centre lines of the trusses to the tops of the camber blocks, and 
mark accurately the first panel points from the fixed end, then, starting there, pack 
the chord bars of both chords. It might be convenient to have a few hard-wood 
pins to fit the holes pretty tightly, so as to aid in getting the bars properly placed 
longitudinally. 

After the chord packing has made some progress, run out the two baiter braces, 
and hoist them into place by means of pulleys attached to the cap of the first bent of 
falsework, which bent should have been previously guyed and braced so that it 
cannot possibly be disturbed by the effect of the pulleys. As soon as each batter 
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braoe is raised, and the anchor bolts pass through the holes in the shoe plate; the 
nuts should be tightly screwed down in order to aid in holding the batter brace in 
position. 

It will not do, however, to rely solely on these, for the threads of the end bolts' 
might be stripped : consequently a hard- wood supporting block must be strongly 
bolted to the two adjoining posts of the bent of the upper falsework. This block 
should have a bevelled edge, the angle of bevel being equal to the slope of the batter 
brace, so that the iron- work will not rest on a sharp edge of wood. If the lattice 
bars interfere with the bearing, as they are liable to do, rough notches can be cut in 
a minute on the bevelled face so as to bring the bearing upon the channels. 

Meanwhile the end lower lateral strut, the end lengths of the lower chord struts, 
the portal struts and the portal and end lower lateral rods, having been run out, 
they are to be put into place, the portal struts being retained there by their connect- 
ing bolts, and the lateral strut by the end chord pins, which should also pass through 
the chord bars, chord struts and the fillers. 

As the portal rods are adjusted by turn buckles with single tap ends, they may 
1)6 omitted until after the portal struts are in place. 

Next run out, and hoist upon the falsework, by means of pulleys attached there- 
to and timbers used as level's, the end sections of the top chords, working them into 
l^laoe by the levers, and attaching them by the hip pins, which should also pass 
through the end main diagonals, hip verticals and fillers. The other ends of the 
chord sections rest on the cambre blocks. 

Next run out, and hoist into place, the first vertical posts, letting the upper 
ends lie in the open ends of the chord sections, and the lower ends pass around the 
lower chord struts. 

Next bring out the second sections of the top chords and the second set of 
diagonals. Baise the chord sections into place, as before, with pulleys and beam 
levers, holding them there until temporary bolts are put into a few holes through 
the connecting-plates, filling plates and channel webs, and until the pins are run 
through the posts, diagonals, and fillers. 

Snoh smalljportions of the structure as pins, fillers, and beam hangers, should not 
be brought out upon the falsework until required for use, for fear of their being lost 
overboard. Nothing more will be said about running out these and other small por- 
tions, but it will be assumed that they will be at hand when wanted. It should be 
an understood thing between the foreman and the men, that any one who drops any 
portion of the bridge into the water forfeits a certain amount of his wages. Such an 
arrangement will make green hands a Uttle more careful than they are apt to be 
generally. 

Now start the rivet gang at work at the portal and let them follow up the work 
as it progresses. 

Next run out and put into place, as before, the second pair of posts ; then bring 
on the third sections of the chords, the third set of main diagonals, the first set of 
eoonters and the next lengths of the bottom chord struts, putting all into place as 
beforCy and so on until the end of the bridge is reached. 
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Just before the riveters complete the riveting of the portal, the first of the npper 
lateral and intermediate struts should be run out, and put into place ; but the upper 
lateral and vibration rods should be omitted, as they would be in the way of the 
riveters, and can be readily inserted afterwards. 

As the chord bars will be in the way of the rivetters when connecting the lower 
chord struts, the latter can be temporarily removed by withdrawing the pin from 
those on one side of the strut at the panel point where the connection is to be made 
and hoisting the bars out of the way until the connecting plate on that side is atta. 
ched, then putting them into place again, and repeating the same operation on the 
other side of the strut. At these panel points it might be well to use wooden pins 
until the strut connection is made. 

About the time that one-half the span is erected, commence running out the 
lower lateral struts and rods, putting them into place, inserting the hip verticals and 
fillers, and coupling the lower chords into their final position, leaving the beam 
hangers lying horizontally, so that, when the longitudinal supporting-timbers are 
removed, they will drop into their proper places. 

A little before the riveters reach the end of the span, the upper lateral and 
vibration rods should be put into place, and screwed up about the right amount. 

. When the end of the bridge is reached by the riveters, the last couplings of the 
bottom chords can be made at the pedestals. 

The shoes rest upon the rollers, which should have been put in exactly trans- 
verse to the direction of the bridge, and blocked so that they cannot move. 

The last connection for each truss can be easily made by raising the hip either 
with levers or by jack-screws, and either pressing against the shoe with jack-screws 
abutting against blocks chained to the roller plate, or by attaching a pair of blocks 
to the pedestal and first panel point lower chord pin. 

After the final coupling has been made, and the riveting is finished, knock out 
the upper chord camber blocks, so as to bring all the weight of the upper part of 
the bridge upon the posts ; then take down the upper falsework. 

Next knock out the camber blocks of the lower chords, lowering them together 
gradually so as to bring no shock upon the bridge, and remove the beams that sup- 
ported the trusses. 

The arrangement of the cambre blocks will generally have left sufficient head- 
way between the lower lateral struts and the runway to allow the floor beams and 
track stringers upon timber trucks to pass between ; but if not it will be very easy 
to cqnstruct a new runway by blocking up the middle of each lower lateral strut 
from the old runway and laying a line of planks from strut to strut : should the planks 
spring too much, they can be blocked up at their middle points. ^ 

Next run out the end track stringers with their bed plates and bracing frames 
and leave them on the pier, then bring on the end floor beam, and take up as much 
of the runway as is necessary to get it into place. It should be lowered beneath the 
ends of the hangers then raised into place, after which the filling plates should be 
placed on top, the hanger plates below and the nuts screwed up tightly and locked- 
Now get the end stringers into place, removing the runway and inserting the bracing 
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frames. The stringers cau rest upon the supporting brackets until it is convenient 

to rivet them to the beam. Next run out the second pair of stringers putting them 

in place at the far end and supporting them from the lower strut temporarily. 

Then bring out the next floor beam, swing it into place removing the runway 

as it interferes with the work, and so on until the end of the bridge is reached. 

As soon as the second floor beam is in place the rivetters can commence con- 
necting the stringers to the beams, and follow up the work as fast as^these ynembers 
are laid in place. 

When the track stringers rest upon the floor beams, quite another method of 
orection must be pursued. The stringers must be brought out at the same time as 
»re the lower lateral struts and rods, both of which pass through holes in their webs. 
These holes must be large enough to give considerable play, both to allow for deflec- 
tion under passing loads, and to facilitate the passage of the lateral system. The 
stringers should be supported temporarily upon blocks from the caps oi' the lower 
^.Jlalsework, and can be made continuous from end to end of span by rivettiug on the 
splice plates and bracing frames, removing of course, the runway. 

After swinging the span, the stringers must still rest upon the blocks until the 
floor beams are put in place and screwed up : the floor beams can be run out upon 
the top of the stringers. Then the stringers and beams must be rivetted together 
by their connecting plates and brackets. 

Next screw up every adjustable rod to the proper tension, which can be ascer- 
tained by the sound they make when tapped with a hammer. 

Next wash off any mud or other impurity tliat there may be on the iron- work, 
and give it two good coats of paint wherever the brush will reach. The best kinds 
of paint to use are lead paints, when they can bo obtained unadulterated ; but they 
are at the same time tiie most expensive of all the paints used for iron- work. Iron 
oxide is a good paint, but requires more frequent renewal. The color should Ue 
such as to readily show any sign of rust : various shades of gray are eflicient in this 
respect, and are at the same time pleasing to the eye. 

Next put on the shims, ties, rails, guard rails and foot planks with their connec- 
tions ; a matter so simple as to require no explanation. 

In long bridges of several spans, it may be economical to dispense with the 
upper Calsework by using a travelling derrick, running upon wooden stringers, for the 
purpose of handUng the heavy sections. Under these circumstances, the whole of 
the portal might be connected while lying upon the falsework, then hoisted into place 
in one piece, and supported there by shore timbers from the first bent of falsework. 
The bridge should be completed as the traveller retreats : otherwise there will be 
difficulty in carrying the members past the traveller. The material should be 
brought on cars within reach of the derrick. 

The last thing to be done is to take down the falsework, and draw the piles from 
the bed of the stream. The latter is easily accomplished by a crab on the bridge ; 
the rope being attached to the head of the pile, which is vibrated transversely in all 
directions while being lifted by the tension of the rope. 

The popular idea that an iron bridge when once erected will last forever without 
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care is a fallacy. The unlimited duratiou of iron subjected to the shook of heavy 
and rapidly passing loads is not yet proven, and experience has shown that ihe 
ironwork of bridges requires care and attention as thorough as does that of locomo- 
tives. 

Iron bridges should be thoroughly inspected for rust spots at least once a year ; 
and, if any be found, the bridge should be repainted. One or two spots in places 
where something might have rubbed off the paint may be touched up with a brush ; 
but, generally speaking, when rust spots begin to appear, it shows that two good 
coats of paint are. required immediately. 

The adjustable members should be tested occasionally by tapping with a ham- 
mer. This duty should not be intrusted to an ignorant workman, who may torn 
away on the nuts until he breaks the rods. Whenever, in passing over a bridge, any 
of the iron- work rattles, it shows that something is out of adjustment. Generally 
speaking, a well-proportioned iron bridge will not get out of adjustment unless some 
one meddles with the nuts or turn buckles. 

The following extract from a paper on *' The Preservation of Iron Bridges '* by 
Mr. E. Paschen, a translation of which is given in the '' Abstracts of the Institution 
of Civil Engineers '* will give some useful hints as to how bridge inspection should 
be made. 

•* The Society of Architects at Berlin has directed its attention to the question, 
and proposes that the railway companies generally should -institute a system of 
periodical inspections and reports as to the condition of their various iron bridges, 
and recommends that the observations should be divided into two classes, the first 
(general) to be made in respect of every bridge, and the second in special instances 

only. 

' The general observations to be made every five years to include — 

1. Measurement of permanent deflection. 

2. Measurement of deflection caused by loading (at rest). 
8. Enumeration of those portions of the structure and rivets which may 

have already been renewed. 

4. Careful examination of plates at junctions of bracing with booms. 

5. Careful examination of paint and those places affected by rust. 
The special observations (to be made annually) to include — 

6. Deflection of the lower flange under moving load. 
7« Distance apart of top and bottom flanges. 

8. Length of the diagonals. 

9. Lateral distortion and vibration at the centre of the girders. 

* All observations upon the stsucture when repeated, to be, if possible, made by 
the same inspector.* 

In modification of the above the author suggests that the result of observations 
made by mere inspection should be kept separate from those obtained by loading, as 
the former could be made at any time at a comparatively slight expense, and the 
most important of the defects discovered, whereas the latter would necessitate the 
presence of a sufficient number of engines of the heaviest class, and for the time be- 
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i^:aig stop all traffic ; he therefore proposes that subordinates sliould bo first carefully 
S^nstructed under the superintendence of the chief inspector, and that afterwards it 
lahould be their duty frequently to examine the structures, a formal report from per- 
sonal observation being made him once in two years, and that the load-test should 
T)e employed only once in ten instead of five years. 

The special observations, it is suggested, should include the effect of temper- 
ature upon length of the girders, the amount of movement in the roller bed-plate '•' 
irith trains moving m both directions, the comparative distances apart of the web 
verticals, measured near the top and bottom flanges when the girder is loaded, and 
the lateral deflection caused by wind pressure under the conditions of a loaded and 
nnloaded girder. 

The author recommends that a book should be kept for the entry of tlie inspec- 
tors* reports, the information being under the following headings viz : name, short 
description, and, where possible, the calculation of the strains,! and a general sketch 
with details of the most important parts ; weights of iron in the construction, total 
weight of superstructure ; details as regards the history of the construction, name 
of maker &c., character of the materials, and results of experiments as to strength, 
fimonnt of deflection under moving and fixed load &c." 

•Aooording to the notacnclatnre of this treatise this word should be shoe-plate. 
fStreBsos. 



CHAPTER XXIII. 



KFKKCT 01' BRAKES ON BOTTOM CHORDS. 



After residing iliis treatise tlms far some Japanese engineer may still have an 
idea tlmt some portions of the bridges designed are too light, more especially tlie 
bottom chords. This is dae to preconceived notions caused by the stiff lower chords 
of the Japanese bridges. The chorda here designed were proportioned for tlie 
combined effects of th6 maximum Uve load and the wind pressure : they can only be 
too liglit therefore, in resisting the shock of pasning loads. Let ns investigate this 
point. The most destructive effect of a train would be when it is allowed to come 
upon tlie bridge with all the brakes set. To be on the side of safety let us assume a 
train of engines, and take the coefficient of friction between wheels and rails to be 
0.8. Michael Reynolds C.E. in his treatise on " Continuous Railways Brakes " p. 207 
makes the actual maximum value of this coefficient 0.25, although two pages far- 
ther on he assumes it as we have done to be 0.8. With the train covering the wholo 
span the combined live and dead load tensions in the lower chords would be so great 
that the thrust of the braked wheels would most assuredly be insufficient to overcome 
it, while, when the first pan* of wheels comes upon the bridge, the thrust which they 
produce will also be too small to counteract the dead load tension. Between these 
two extremes there is one position of the loading which will be more effective than 
any other position in causing thrust upon the chords. The train should be brought 
on at the expanding end of the span, in which case the part upon wliich the thrust 
will act with greatest effect will be the end panels of the lower chord at the fixed end. 

Let the dead load stress in the end panel of the bottom chord of one trim be 
denoted by T. 

Let the variable reaction of the live load on one truss at the fixed end be repre- 
sented by It, 

tlien the corresponding end panel bottom chord stress will be R tan 

where Q is the inclination of the batter brace to the vertical. 

Let w =5 the uniformly distributed live load per lineal foot on one tnm 

/ = the coefficient of friction between wheels and rails 

I =r length of span. 

aiMl .r = length covered by the moving load, the origin of coordinates being 
taken at the expanding end of- the span. 
The reaction 
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J?= ""' 



2.1 ' 
and tho corresponding end panel chord stress 



= -^ tan 6 



The thrust (ncgleetuig Uie partially compensating rolling friction at the expanding 
end of the span) is /ir x. The compressive stress on the chord at tlio fixed end, if 
there be any, will consequently be given by the equation 



C=//tir— ^^(^n e - T 



Differentiating to find a maximum gives 



dC ^ wx ^ ^ 7 // 

= fw 7— tan = and x = 



tf.r • / tan 6 

Differentiating again gives 

iPC wtang . ... 

appears to the zero power, so that, when 

/I 
X = ' — - 
tang 

is substituted tlierein, the second differential coefficient is negative, denoting a 

maximum. 

Substituting 

X = -^ — 
ianQ 

in the equation giving the value of C, gives for a maximnm value of the 
compression 

The value of w deduced from the Chapter on ** General Specifications*' is 0.67 ton 

say 0.7 ton per lineal foot. 

First let us try the 100' span where T = 10.9 tons and tan 0=1 

.1 i- ^ 0.7 X 0.8 X 0.3 X 100 ,^^ „ ryr . 

therefore Cm = g ** * ~ "" 

showing that the thrust cannot overcome the tension. 

Again taking the 140' span, we have T = 16.97 and tan g = 0.87, which 

gives 

n 0.7 X 0.8 X 0.3 x 140 -^^- ^^ ^ _ 

0«= 2 X 0.87 ~ ~ • 

showing that the tendency to buckle the chord decreases as the span increases. 
Finally let us try a 70' span through bridge, which is the one least fitted to resist 
the thrust. Here T ~ 6.66 tons, and tan g = 0.988, hence 

^ 0.7 X 0.8 X 0.8 X 70 a aa ^ >i q 
^-= 2 X 0.988 ^-^^ - ^ ^'^ 
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showing that even in this case there is ample tension. 

Hence we may conclude that the bridges wliich we have designed are folly 
capable of properly resisting any stress or combination of stresses to which they can 
ever be subjected. 



CHAPTER XXIV. 



RECAPITULATION. 



Before dosing this treatise it may be advisable to give a resume of the various 
steps to be taken by an engineer in designing and building a bridge. They are as 
follows : — 

1*. Ascertain as much as possible of the list of data in Chapter XVII., so as 
to know what kind of bridge is required, and what are the peculiarities of location 
that may affect its construction, 

2*. Determine the live load, dead load, number of panels, depth of truss, engine 
excess, and wind pressure on each panel point of top and bottom chords when bridge 
is both empty and loaded. 

8\ Fill out the table of data given in Chapter YIU. 

i\ Find stresses in trusses by method of Chapter YIU., recording them on a 
skeleton diagram. 

5*. Proportion main members of trusses recording dimensions on diagram. 

6\ Determine from the tables sizes of members of lateral systems, floor sys- 
tems, portal bracing and vertical sway bracing, and write them upon diagram. 

7*. Proportion pins and write their diameters on diagram. 

8*. Make out bills of materials, proportioning the details as they come in order 
upon the list of members. 

9*. Check dead load. 
10% Make estimate of cost. 
11*. Make working drawings. 

12*. Make order and shipping bills and send to manufacturer together with ex- 
planation of methods of marking iron. 

18*. Check all materials when received at site and pile them up in a convenient 
manner. 

li\ Erect the bridge. 
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ADDENDA. 

Since the preceding pages were written the author has seen in an othenvise ver}* 
favourable review of his treatise on " The Designing of Ordinary Iron Highway 
Bridges " by the American Engmeer a serious objection to the usual attachment of a 
floor beam by four bangers. 

In the words of the review ** the inner loop will take nearly, if not quite, all the 
load at the panel point ; when the bridge is first adjusted ; and this not only becomes 
constrained itself but also overstrains the inner tension brace." The number of 
inner hangers which are constantly working loose, presumably by stretching, in 
railroad bridges in which this detail is used, demonstrates its unsatisfactory 
character.** 

The author has long recognized the inequality of distribution of floor beam load 
between the inner and outer hangers, but considered that the low intensity of 
working stress on these members would compensate for the objectionable inequality. 
Such has been also in all probabiUty the opinion of most American engineers ; for 
beams, when not rivetted to the posts, are nearly always suspended by four hangers. 
The fact of the inner hangers working loose can have been only lately discovered : it 
shows, however, that this detail needs improvement ; and as the aim of this treatise 
is to design structures not only equal but in some respects superior to the best American 
bridges, it becomes necessary, even at this late hour, to correct the newly discovered 
fault. 

The simple method of using single beam hangers will not always work, owing 
to the great bending moments which they produce upon the pins. For instance take 
the case of a double track bridge with panels twenty-four feet in length.. The weight 
supported by each single hanger would be about forty tons, and the distance between 
centres of main diagonals would not be &r from twelve inches. These data give a 
vertical bending moment upon the pin equal to one hundred and twenty inch tons, 
which alone would require an iron pin five and a half inches in diameter, or a steel 
one of four and three quarter inches ; but when combined with the horizontal moment 
would call for a pin much larger than any inteUigent designer would think for a 
moment of using. 

The double hangers in such a case are a necessity, but the connection must be 
such as to distribute the load equally upon them. Such a distribution can be assured 
by using the following detail. 

On the under side of the beam at ,each end is attached by four rivets a plate 
about five eighths of an inch thick, six inches long and as wide as or a little wider 
than the beam flange. This plate is placed symmetrically to the plane of the truss 
and the middle of the under side is grooved so as to receive one sixth of the surface 
of a pin about two inches m diameter, which rests in a similar groove on the top of 
the beam hanger plate. The lateral dimensions of this plate will be slightly greater 
than usual, but the thickness need not exceed one inch. To prevent the plate from 

* Main diagonal. 
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rupture by bending there are aitached to the underside by countersunk rivets two 
angle irons or plates bent into th 3 form 0/ an.;le irons, tho vertical legs being con- 
nected by countersunk rivets, which in the neighbourhood of the pin pass as nearly 
as may be through the neutral surface of the T beam, and elsewhere near the lower 
edges of the angles. 

As the axis of the pin is parallel to the length of the bridge, thev ertical legs 
must be transverse thereto. 

This detail wili be readily understood from the accompanying diagram. 

To illustrate how to find the sizes of the stiffening plates, number of rivets re- 
quired &c, it will be well to design a beam hanger plate for a 21' panel of a single 
track bridge. 

The total weight on the^four hangers is about forty tons, and the centres of the 
beam hanger holes may be assumed to be situated on the corners ' a six inch 
square. This would make the bending moment on t'le plate thirty inch tons, which 
would be resisted by the T shap3d section of the two bent plates combined with the 
uncut portion of the beam hanger pi ite below the pin. Assuiuiug the latter thick- 
ness J ", and the plate stiffeners to be of 6" x G" x J'' angle iron would make the T 
abcHit VI" X 6i" X 1", the centse of gravity of which is about 5" above the bottom. 

The moment Oi* inertia is ihere.ore ^. x 12 4- 12 x (1.0)- + i (5.5)» + 6.6 x 
(2.25)2 = 51 + 

The resisting moment is given by the equation 

so taking i? = 4 tons 

5 

As the bending moment was 30 inch tons, the sizes assumed are ample. 

It will be well to use three quarter inch countersunk rivets (the largest pos- 
sible), so as to make the diiferent portions of the T head act together. 

There is a tendency lo ben 1 the plate in a direction at angles to the one consi- 
dered, th3 mo:nent for wliicli is fifteen inch tons on each side 01 the pin. This will be 
resisted by a couple whoso forces act as compression on the top pbite of the T and 
tension on the rivets near tlio bottom of the angles. Taking the centre of moments 
at the middle of the top plate and the distance therefrom to the horizontal centre 
line of the rivet holes as 4 2 inclies, will make the tension on the rivets -^^33- = 3*42 
tons. Using an intensity of only two and a half tons, because of tlie initial tension 
on the rivets, will make the section required 1.37 square inches ; consequently two 
1" rivets will be sufficient. 

This size of stiffono.l beam hanger plate may be adopted for all panels of single 
track bridges, or tlio tliickaess of the anodes mxy be reduced to three eighths of 
an inch for slior! p mcls. 

The difference in the total weight of iron per lineal foot caused by the use of 



— 242 — 

this detail will be from six to eight pounds for single track bridges, and from ten to 
fifteen pounds for double track bridges, the smaller numbers being for short spans 
and tlie larger for long ones. 

It will be noticed in the diagram that tlio floor beam stiffeners at the support 
are placed close together so as to take up the vertical reaction of the hangers trans- 
ferred by the auxiliary pin. The sectional area of these stiffeners Ehould be about 
equal to that of the hangers. 

Since this treatise was written, the author has prepared for the Institution of 
Civil Engineers, London, a paper entitled ** An Analysis of the Weights of Iron and 
Dead Loads for Iron Pratt and Whipple Truss Railroad Bridges *' , the following 
dcLluctions from which will be I'ound useful to Japanese engineers. 

For long single intersection deck trusses the economic depths are about one foot 
less than those for the corresponding through trusses : for short double intersection 
trusses they are about three feet less, and for long double intersection trusses about 
one foot less. 

The ratios of the total weights of iron per lineal foot for single track deck and 
through bridges, e.vcludinr/ the weight of the iron bents over the piers and abut meats ^ are 
given in the following table. 



Span. 


Ratio. 


Span. 


Ratio. 1 


6cy 


0.88 


180' S.I 


I.OI 




80' 


0.94 


180' D.I 


1.08 




ICO' 


1. 00 


igc S.I 


l.OI 




150' 


1.03 


200* D.I 


1.07 




itc 


1.C4 


25c' 


1.05 




170^ 


1.02 


500* 


1.05 





The ratio ' total weights of iron per lineal foot for double and single track 
through bridges arc as given in the following table. 



Span. 


Ratio. 


Span. 


Ratio. 1 


6c/ 

ICC 

i5cy 

,180' S.I 


2.00 

2.00 

1.94 
1. 91 
1.90 


1 8c/ D.I 

20c' 
24c' 
280' 


1.92 
1.87 
1.85 

1.85 
1.82 





Tie ratio of total weights of iron per lineal foot for double and single track 
deck bridges, when the weights of the iron bents over the piers and abutments are not 
considered are as given in the following table. 



Span. 


Ratio. 


Span. 


Ratio. 


6c/ 


1.99 


180^ D.I 


1.74 


?.c' 


1.92 


lOGf 


1.74 


izc 


1.85 


240' 


1.74 


14c' 


1.76 


280* 


1.74 


18c/ S.I 


1.76 


500* 


t.7} 
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GLOSSARY OF TERMS. 



Adjustable Member, — A luembei* of a bridge Uie leugUi of which can be increased or di- 
minished at will. 

Adxe. — A tool for cutting timber. (Plate XII., Pig. S.) 

Anchor Plate or Anchor Piece. — A beul plate for holding down the expanding pedestal ; 
Plate II, Fig. 12. 

Angle Iron. ^ Iron rolled into the shape shown in section on Plate II., Fig. 3. 

Apex, — The intersection of a brace \nth h chord or flange ; called also a panel point. 

Axis of Sjrmmetr jr. — A line dividing an area into two parts equal and similar to each other, 
and similarly disposed to the line. 

Bar. — A piece of iron flat or squaiv in section. 

Batter. — Slope, or inclination, to the vertical ; usually measured l)y the tangent of the angle, 
or 80 many inches to the foot. 

Batter Brace. — The inclined end post of a bridge. (Plate 1.) 

Beam. — A member intended to resist bending. 

Beam Hanger. — A rod or square bar supporting a floor beam from a choi*d pin. (Plate !• 
and Plate II., Fig. in.) 

Bean&ohanger Untm, — Nut<> on the ends of 1>eam hangers, serving to press the floor beam 
against the feet of the posts or .against the chord heads. (Plate II., Fig. 10.) 

Beam^anger Plate. — A plate placed beneath the end of a fl<x>r beam for tlie beam-hanger 
nuts to rest against. (Plate II., Fig 10.) 

Bearing. — A resting-place, usuaUy for a pin or rivet. 

Bearfng-PreMure. — The pressure on a bearing. 

Bed Plate. — A plate to distribute pressure upon masonry. (Plate IX, Fig. 11.) 

Bendlng-Moment. — The moment of a force or forces which bond or tend to bend a 
piece. 

Bendtng-StreM. — The stress produced in a piece by bending.. 

Bent. — A frame of timber or iron, usually the former, as a bent of false-work. 

Bent Bye. - An eye on the end of a bar, the plane of which makes an angle witli the 
direction of the lent^th of the bar. (Plate II, Fig. 11.) 

Bevel. — The slope on the end of a piece. 

BlU of Material. — A list of various portions of material giving dimensions and weights, or 
other quantitative measurements. 

Block. — A system of one or more pulleys or sheaves, so arranged in a frame or shell as to 
multiply the power of the rope passing around them, or to change its direction. (Plate XII. 

Fig. a.) 

Board Measure. — The measure of timber, the unit being a piece one foot square and one 
inch thick. Timber is sold at so much per thousand feet board measure, usually written, per M. 
b. m. 

Bolt. — An iron rod ndth a square head at one end, and a thread and nut at the other. 

Boonft. — The English name for chord. 

Brace. — Generally a strut, but sometimes the term is applied to a tie. 

Bracket. — A knee or knee brace to connect a i)ost or bitter brace to an overhead strut ^ 
(Plate I. or Plate II., Fig. 11.) 

Bracing Frame. — A frame to brace or stiffen parallel stringers or girders. (Plate II., 
Figa. 10 and 14.) 

Bnllt-Beam. — A beam made up of plates and angles riveted together. (Plate II., Fig. 10.) 

Bnilt Channel. — An assemblage of plate and^angles in the form of a channel. (Plato 
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IX., Figs. 8 and 6.) 

Burr. — A rough edge or ridge left by a tool in cutting metal. The term is sometimes used 
for a nut. 

Button Sett. — A tool for foru.ing the heads of rivets. (Plato XI I., Fig. 5.) 

Camber. — The upward curvature of a truss. It is measured by tlie height of the middle 
point of the centre line of the lower chord above the line joining the centres of end pins. 

Camber Blocks. — Blocks of wood used in erection, so placed as to be easily removed. 
(Plate XI.) 

Cape Chisel. — A tool for cutting iix>n. It consists of a rounded edge on the end of a short 
rod. The edge is very obtuse, so as not to break easily. 

Centre of Gravity. — That point of a body about wliich the weights of all the different 
portions balance. 

Channel, or Channel Bar. — Iron rolled into the shape shown in section on Plate II., 

Fig. 1. 

Check Nut, or Ijock Nut. — A contrivance to prevent a nut from turning when subjected 

to shock. 

Chord. — The upi)er or lower part of a truss, usually horizontal, resisting compression or 
tension. (Plate T.) 

Chord Bar. — A member of the chord which is subjected to tension. (Plate I.) 

Chord Head. — The enlarged end of a chord bar, through which the pin passes. 

Chord Packing. — The arrangement of the bottom chord of a truss. 

Clear Headway. — The vertical distance from the upper surface of the rails to the lowest 
part of the overhead bracing. It is a measure of the height of the highest car that could pass 
through the bridge. 

Clear Roadway. — The horizontal distance, measured perpendicularly to the planes of 
the trusses, between the inner edges of the batter braces. It is a measure of the width of the 
widest car that could pass through the bridge. 

Cleat. — A narrow strip of wood nailed to something for the purpose of keeping a piece of 
work in its proper place. 

Co-eAclent of Friction. — A numerical quantity, which, multiplied into the normal pres- 
sure, gives the frictional resistance. It is equal to the natural tangent of the angle of repose. 

Cold Chisel. — A tool for cutting iron. (Plate XII., Fig. 12.) 

Column. — A pillar or strut ; a long member which resists compression. 

Component. — One of the parts into which a stress may be resolved or divide<l. 

Compression. — A stress which tends to shorten the member which is subjected to it. 

Concentrated lioad. — A load which is, or may be considered, collected atone or more points. 

Connecting-Plate. — A plate used for connecting two pieces. 

Continuous Spans. — Consecutive spans connected over the points of support. 

Counter. — An adjustable diagonal which is not subjected to stress by a uniformly distri- 
buted load covering the bridge. (Plate I.) 

Countersunk Rivets. — Rivets, the heads of which are let into one or both of the plates 
which they connect, so as to leave a flush surface or surfaces. 

Couple. — Two equal and parallel forces not acting in the same line. 

Cover Plate. — A plate used to cover a joint, or to connect two pieces of the top chord plate. 
(Plate II.. Fig. 11.) 

Crab. — A slow-motion machine, worked by a crank for the purpose of winding a rope upon 
a drum, thereby raising a heavy weight. (Plate XII., Fig. 1.) 

Crow Bar. — An iron lever. (Plate XII., Fig. 17.) 

Curvature Stresses. — Stresses produced by the centrifugal force of passing trains, when 
the bridge is on a curve. 

Dap. — To notch timber onto its bearing. 

Dead Iioad. — The weight of all the parts of the bridge itself, and any thing that may 
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remain upon it for any lenjictli of timo. 

Deck Bridge. — A brM;^(3 iu v.'liich tbo passing loads CDuie upon the upper chords or the 
upper ends t>f the posts. 

Deflection. — Mo'.ioii laterally, or »t ri-'lil ;iii;,de3 to the leu;^fth of Uie i-l< et.-. It is iilso used 
for the amount of motion, and is •^unoni.ll^v ( xprcssed iu inches. 

Depth of Truss. — The verticil dlst.-LUce between tlie contro lines oi ujipcr .ind lower chords. 

Diagonal. — A member running obliquely across a panel. In thi^ work idl lJ)e diagonals 
except the batter braces are tension members. 

Dlagraiu of Stresses. — A skeleton drawing of a Iruss, up >n which are wriUen the sti'esses 
in tlie different memW-rs. (Plato XIIE.) 

Ditc*itng Apparatus. — A contrlvMuci f.»r thrjA'ing a derail.jd v«}hic)e clour of the track 
(Plate VI.) 

Double lutersectlon. — The style of trus> A\ixcre the <liagonals crois the posts at the middle 
of their length, as in ihe bridge shuwn on Plate I. 

Double-riveteil Laeiug. — Lacing in wluch each l^ar is connected by two rivets at each 
end. (Plate IL, Fig. 10.) 

Double Tee. — Another name f.>r I-beam. 

Drift Bolt. — A round or spmre piece of ir^n, usually from one to three feet long, without, 
head or nut, used to connect tii'jbcrs. 

Drift Pin. — A sli'.'.htly tapering r«;d of hjird steel, used for making rivet holes coincide. 
Its use is more convenient than advisable. (Plate XII., Fig. 14.) 

directive Area. — The gr.>Sa area of a sooti'.n. Ie3s th.it lost by rivet or pinholes; the net 
area. 

Elastic I^imlt. — That intensitv of shv.-:s at wliich the ratio of stress over strain commences 
to show a dt cided change. F.^r wrought-iron it is from twelve to lifloeu Ions. 

Erect ing-BIU. — A bill of material for a bridge, so nrranged as to facilitate the finding and 
placing of uiendxrs during erection. 

Expansion Joint. — The conned im of pedest^il to be<l -plate, shown on. (Plate II. Fig. 15.) 

Expansion Rollers. — A set oi half a d<»/.en t-r more turnc'l rods of exactly the Svame 
diameter, pL?ced under the shoe i)late at one end of a tru;s to permit of expansion and con- 
traction. (Plate 1 1., Fig. IC.) 

Extension Plate. — A i)late riveted to tlie end of a strut channel, and projecting beyond 
it, to ]x.'rmit of the pii3-;age of a ]>m. (PLile 11., Fig. \K) 

Ejre. — A hole in the en I of a meuilx'r lo permit of the passage of a pin. 

Eye Bar. — A bar with an eye at each or one end. 

Factor, or Factor of Safety. — The rati.» of ultimate load to greatest allowable working- 
laad. This t» rm is getting out of f.tvor auion'j: eni:ineers, as it? use has been somewhat abused. 
There is no such thim; as a fact<)r of safety for a well-jn'oportimed bridge, for each member should 
have an intensity of working-stress proiH»rtionate to the character and amount of work which it 
has to perform. 

Fall Line. — A rope u^ed in erecMon for raising and lowering weights. 

Falsework. — Temporary timlur work to tU]>port a bri<lge during erection. 

Field Riveting. — Riveting done in tlie field, or during erection. It i^ the i)Oorest and 
most expensive kind of riveting. 

Fixed End. — An end of a strut so firuily connected .as to jn-event all motion of the strut 
in the neighborhood of the end. 

Filling-Plate. — A plate the function of which is to make flush two surfaces. (Plato II., 
Fig. 11.) 

Filler. — A small ring of iron r^r piece of pipe ].«laccd on a pin in order to keep iu iwsition 
the members C3U pled thereon. (Phtte II., Fig. 11.) 

Fixed lioad. — A load remaining x)*-i*nianently, or for a Cv»nsiderable length of time, upon 
a structure or portion of a structure. 
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Flange. — The upi)er or lower chord of a beam. It is the principal part for resasting either 
compression or tension. 

Flexure. — Bending. 

Floor System. — That part of the bridge which directly receives the traveL 

Floor Beam. — A bcum to support a poi'tion of the floor and its load. (Plate I. and Plate 
II., Fig. 10.) 

F. O. B. — Free on board ship, a term nsed in speaking of freight. 

Foot Plank. — A plank for walking upon. (Plates I. and III.). 

Forge. — An apparatus for heating iron. (Plate XII., Fig. II.) 

Framing. — The carpenter work on timber. 

Girder. — Any structure to cross a chasm or opening. The term is generally applied to 
short structures for places where it is not advisable to use trusses j for instance^ a plate girder, 
or a rolled girder. 

CJuardRail. — A rail to prevent a derailed train from running off a bridge. (Plato II.> 
Fig. 14.) 

Guys, or Gay JLines. — Lines for bracing the top of a pole, denick, or any similar apparatus. 

Gyration. — See r.idius of gyration. 

Hammered Head. — A head formed on the end of a bar by hammering. 

Hand JLlnes. — Small ropes used in erection. 

Headway. — See clear headway. 

Hinged Bnd. — An end of a strut connected only by a pin. 

Hip. — The place at which the top chord meets the batter brace. 

Hip Joint. — The joint of the top chord and batter brace. 

Hip Vertical. — A rod hung from the pin at the hip for the purpose of suspending the floor 
beam. (Plate I.) 

Holding on Bar. — A lever to hold against one end of a rivet while the head at the other 
end is being formed with a button sett. (Plate XII., Fig. 16.) 

I-Beam. — A piece of rolled iron of the section shown on (Plate II.« Fig. 2.) 

Initial Tension. — The tension caused in any adjustable member by screwing np the ad- 
justing apparatus. 

Intensity. — The intensity of a stress is tlie amount of stress upon a square inch of section. 

Intermediate Strut. — An overhead strut in high bridges, attached to the posts of opposite 
trusses, and lying between the upper lateral strut and the floor. In deck bridges, if used at all, 
it would lie between the upper and lower lateral struts. (Plate I.) 

Jack Screw. — A machine for raising heavy wtights. (Plate XII.« Fig. 10.) 

Jaw. — A connection on the end of a strut similar to that shown on Plate II., Fig. 11., and 
Plate VIII., Figs. 7—10. 

Joint. — A place where two abutting or lapping pieces are connected. 

Joist. — A beam. 

Knee or Knee Brace. — See bracket. 

Ijacing. — A system of bars, not intersecting each other at the middle* used to connect the 
two channels of a strut in order to make them act as one member. (Plate JI„ Fig. 11.) 

Ijaclng*Bar. — A bar belonging to a system of lacing. 

Ijateral Rod. — A tension diagonal of a lateral system. (Plate I.) 

Itateral Strut. — A compression member of a lateral system. (Plate I.) 

Ijateral System. — A system of tension and compression members forming the web of a 
horbx>ntal truss connecting the opposite chords of a bridge. Its purposes are to transmit wind 
pressure to tlie piers or abutments, and to prevent undue vibration from passing loads. 

Itattlclng. — A system of bars crossing each other at the middle of their lengths, used to 
connect the two channels of a strut in order to make them act as one member. (Plate II., 
Fig. 9.) 

lAttice Bar. — A bar belonging to a system of latticing. 
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JCieg. — One of tho two portions of an angle iron separated from each other by the bend. 

Iiever Arm. — The perpendicular from the centre of moments to the line of action of a 
force. The lever arm of a CDuple is the perpendicular distance between the lines of action of the 
two equal and x^ar^illel forces. 

litre Load. — The moving or passing load upon a structure, 

JLlnville TruM (also called "Double QiiadranguUr," ''Whipple." and "Double System 
Pratt" truss). — A truss with vertical posts and diagonal ties spanning two panels. It is the 
truss represented on Plate I. 

Xiock Nut. — See check nut. 

Iioop Kjre. — An eye on-the end of a rod or square bar, elongated into tlie form of a loop, 
as shown on Plate II., Figs. 4 and 8. 

liower Falsework. — The fiilsework below the level of the lower chords. 

Blaln Diagonal. — A tension member of a truss, sloping upward towards the nearer end of 
the span. Main diagonals in iron bridges are not adjustable. 

Moment. — The product of a force by its lever arm. 

Moment of Inertia. — Bepresented by the equation, I ~- Ap -^ J r^dA, where A is the 
area of the section considered, p the radius of pryration, and r the distance of any point from an 
assumed line lying eitber in the surface or outside of it : in other words, the moment of inertia 
of a surface about any axis is the product of the area by the square of the radius of gyration : or 
it is the summation of the products of each differential of the area by the square of its distance 
from the axis. If the axis lie in the surface, the moment of inertia is called a surface moment of 
inertia ; while, if the axis be perpendicular to the surface, the moment of inertia is called a pohir 
moment of inertia. 

Moalcejr 'Wreneh. — A wrench capable of being adjusted so a« to fit nuts of different 
sizes. (Plate XII., Fig. 9.) 

MoTiag lioad. — 8ee live load. 

Mud^Ul. — A timber, usually from 6'' by 6'' to 12" by 1i", at the bottom of a bent It is 
laid hori^ntally in a trench, and the posts of the bent rest upon it. 

iffame Plate. — A plate of iron placed in a conspicuous position on a bridge, oontaining 
the name of the maker or designer of the structure. 

Negative Rotation. — Botation in a direction opposite to that of the hands of a watch. 

Vet Seetlon. — )See efiFective area. 

Neutral Surface. — That part of a member subjected to bending, which is neither extended 
nor compressed. In symmetrical wrought-iron beams, with equal or nearly equal flanges^ it is 
taken to be at the centre line of the web. 

Hut. — A small piece of iron with a threaded core to fit on the screw end of a bolt, rod, or 
bar. (Phite II., Fig. 7.) 

Order Bill. — A form of bill used in ordering material from the manufacturers. 

Ornamental work. — Fancy work at the portals of a bridge to give it architectural 
effect (Plates I. and IX.) 

Orerhead Bracing. — The upper lateral or sway bracing in through bridges. The term is 
usually applied to the vertical sway bracing, if there be any ; if not, to the upper lateral bracing. 

Packing. — See chord packing. 

Panel. — That portion of a truss between adjacent posts or struts in Pratt truss bridges ; 
called also a bay. 

Panel l«engtli. — The distance between two adjacent panel points of the same chord. 

Panel Point. — See apex. 

Pedestal. — The foot of a batter brace or end post. (Plate II., Fig. 12.) 

Permanent Set. — The alteration in length of a piece of material which has been subjected 
to stress, remaining after the stress has been removed. 

Pillar. — See column. 

Pilot Nut, or Pin Pilot. — A nut, one end of which is a truncated cone, used to protect the 
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tlircad on tlie end of a piu whon the latter is bein^ driven into place. ( Plate II., Fig. 8.) 
Pin. — A cylindrical piece of iron used to connect bridre members. (Plate II., Fig. 8.) 
Pitch. — Tlio distance between cyntros of consecutive rivets of the same row. 
Plane of Symmetry. — A plane dividinj^ a body into two equal and symmetrical parts 

similarly disposed in reference to the plane. 

Plant. — Tools and appai'atus used in construction. 

Plate. — A piece of flat iron wider than a ]):ir. The comm'>n distinction between the two 

is that a x)late is attached to st^mithing else, and acts with it, while a bar is an independent 

member. 

Plate Girder. — A beam, built of plates and anj^les, used to span a small opening, generally 
less than sixty feet. 

Pony Trusi. — A ti'uss SO hhallow as not to permit the use of overhead bracing. 

Portal. — The space between the batter braces at one end of a brifl<Te. Sometimes tlio term 
is applied to the portal bracing, though incorrectly. 

Portal Bracing. — The combination of struts and ties in the plane of the batter braces at a 
jjortal, which transfers the wind pressure from the u])i>er lateral system to the abutment or pier. 

Portal Strut. — A strut belonging to the portal bracing. (Plate I.) 

Positive Rotation. — Rotation in the direction of the hands of a watch. 

Post. — A verticiil strut. (Plate I.) 

P^-att Truss, (called also the " Murphy- Whipple," or ''Quadrangular" truss). — A singlo- 
intersection truss with verticiil struts and diagonal ties. 

<iuadrangular Truss. — See Pratt truss. 

Rachet Orlll. — A hand machine for drilling rivet holes. (Plato XII., Fig. 4.) 

Radius of Gyration. — The radius of gyration of any surface in reference to an azLs is tbo 
distance from the axis to that r»oint of the surface in which, if the whole area were concentrated, 
the moment of inertia in reference to the axis would be unchanged. It is therefore equal to the 
square root of the ratio of the moment of inertia over the area. 

Ream. — To enlarge a rivet hole. 

Reamer. — A tool for enlarging rivet holes. (Plate XII., Fig. 13.) 

Re-enforcing Plate. — A plate used for the purpose of providing additional pin bearing, or 
strength to compensate for material cut away. (Plate II., Fig. 10.) 

Re-raillni; Apparatus. — A contrivance for returning to the track a derailed veliiclc. 
(Plato V.) 

Resolve. — To divide a force into its component parts. 

Rl. — A Japanese mile equal to aljout 2 I Euglish miles. 

Rivet. — A short piece of round iron ti\<htly connecting two or more thicknesses of metal, 
and having, when in jdace, a head at each end. 

Roadvray. — The passage-way of a bridge for vehicles j usually means clear roadway, q, v. 

Rod. — A piece of round iron. 

Rolled Beam. — An I-beam. (Plato IT., Fig. 2.) 

Roller. — See expansion roller. 

RoUer Frame. — A light frame of iron for holding the rollers in position (Plate II., 
Fig. 16.) 

Roller Plate. — The plate upon whic'i the rollers rest, and which itself rests upon tho 
masonry (Plate II., Fig. 12.) 

Rope Sling. — Sec sling. 

Run. — A line, or string ; as, a run of joists. 

Set, — The extension or compression of a piece of material under stress. 

Shear, or Siiearlng-Stress. ~ The resistance which a body offers to the passage^ or the 
tendency to passage, of one section along the next consecutive section. 

Siilm. — A filling piece. Hjre appliei to a timb».»r between the track-stingers and ties. 
(Plate I and Plate II., Fig. 14.) 
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Shippins-BUl. — A list of portions of a bridge, arranged in a manner to facilitate counting 
and checking when the material is received after shipment. 

Shoe. — Another term for pedestal, q, v. 

Shoe Pi u Support li&s Piece. — latermedlate bearing for a shoe pin. (Plate II., Fig. 12.) 

Shoe Plate. — I'he plate on the under side of the shoe, resting on the rollers, bed-plate, or 
masonry. (Plate II., Fig. 12.) 

Side Bracing. — A bracin^^ for pony trusses to atbich the panels of the top chord to the floor 
beams prolonged, in order to fix the panel points of the top chord. (Plate IX., Figs. 16 and 17.) 

Single Intersection. — The style of truss in which the diagonals do not cross the posts. It 
is represented in skeleton on Plate XIII. 

Skeleton Drawing. — A dniwiug which shows only the centre lines of members, such as a 
diagram of stresses. (Plate XIII.) 

Skew Bridge. — A bndge in which the horizontal lines joining corresponding panel points 
of the opposite trusses are oblique to the planes of the trusses. 

Sledge. — A heavy hamuier, or mallet (Pl»te XII., Fig. 6.) 

Sleeve Nut. — An elongate^! nut, the core at one end having a right-hand thread, and that at the 
other a left-hand thread. Its office is to lengthen or shorten a tension member. (Plate II., Fig. C. 

Sling. — A loop of roi>e, very useful in erection for making u hasty attachment 

Slope. — Inclination to a horizontal plane. 

Snatch Block. — A block with one side capable of T)eing opened for the insertion of the rope. 
Its office is to change the direction of the rope. (PLite XII., Fig. 3.) 

Span. — ITie length of a bridge from centre to centre of end pins or bearings. 

Spikes. — Large nails for timber work. 

Splay. — To spread at one end the two u\ain portions of a member. 

Splice. — A joint connected by means of plates. 

Splice Plate. — A Connecting plate at a joint. (Plate IX., Fig. 7.) 

Spread. — The distance apart laterally. 

**«H5««>«^<i Rivet*. — Rivets are said to Ixj staggered when each rivet of one row is opposite 
to the middle of tlio si>iico l>etween two rivets of the next row. 

Static Ijoad. — Dead loail, q. v. 

Stay Plate. — A plate always used at the end of a system of lacing or latticing. (Plate II., 
Pigs. 9 and 11.) 

Stiirening-Anglc. — An angle iron used to stiffen the web of a beam. (Plate II., Fig. 10.) 

StliTener. — A piece of iron use<.l to stiffen the web of a beam : it may be of angle or tee 
section. (Plate II., Fig. 1(>.) 

Strain. — The extension or compression of a piece of material which is or has been under 
stress. 

stress. — llie internal resisting force of a piece of material which is stniiued. 

Stringer. — A beam to support the track and its load between panel points. (Plate I and 
Phite 11., Fig. 10.) 

Stringer Bracing Frames. — See bracing frames. 

Stringer Support or Skeif. — A shelf of bent plate or angle iron rivetted to a floor beam for 
the puqiose of helping to supi)ort a track stringer. 

strut. — A member which resists compression. 

Sub-Puncliing. — ITie punching of rivet holes which have to be afterwards enlarged by 
reaming. 

Sway Bracing. — Bracing transverse to the planes of the trusses. Its objects are to resist 
wind pressure, and to prevent undue vibration from passing loads. (Plate I.) 

Table of Data. — A li?t of the known circumstances that affect the designing of a structure. 

Tap. — A screw for cutting a thread in a nut. 

Te© or T iron. — A piece of rolled iron of the section shown on Plate II., Fig. i. 

Tension, — A stress tending to elongate a body. 
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Thermal Strets. — A stress caas^l l>y variation in temperature. 

Thread. — The spiral part of a screw or nil', 

T.irough Brid.;{e. — A brMgo with overhead bracing. 

Tie. — A tension member ; generally refers to a main truss. A sleeper. 

Timber Truck. — A small, strong wooden frame, with an iron roller set entirely below the 
upper surfivce. It is used in bridge erection for moving large timbers and heavy weights along a 
runway. (Plate XII., Fig. 7.) 

Tonjj^. — Piirt of a riveting outfit; used for heading and carrying heated rivets. (Plate XII., 
Fig. 18.) 

Track Strluger. — See stringer. 

Track Tie, — A sleeper. 

Transverse Component. — A Component in a transverse direction ; generally intended for 
a comiX)nent perpendicular to the planes <rf the trusses. 

Truss. — An assemblage of tension and compression members so arranged as to transmit 
loads from intermediate points to the en^ls. 

Trussing. — A poor substitute for lacing or latticing. (Plate II., Fig. 13.) 

Turn Buci&le, — Similar to a sleeve nut, and for the same purpose. The sides are open, so 
that a crowbar may be inserted for the purpose of screwing up. Torn buckles are used for larger 
bars or rods than are sleeve nuts. (Plate II., Fig. 5.) 

Ultln&ate Strengtii. — Tlie greatest load that a portion of material can. bear. 

Uniform Ijoad. — A lo.id SO distributed over an entire structure, that equal lengths every- 
where receive equal portions. 

iT-nut. — A piece of iron, in the shape of the letter U, through which passes the threaded en<l 
of a rod, and which affords a bearing for the nut, with room to screw up the latter. Its use is- 
not permissible in first-class bridge construction. 

upper FalseMTork. — The falsework that lies, above the level of the lower chords;. 

Upset End. — An end of a rod or bar enlarged for the cutting Uieroon of a screw-thread. 

Verbatim, — Word for word. 

Vibration Rod. — A tension member for vertical or portal sway bracing. (Plato I.) 

IVaslier. — A piece of cast or wrought iron to distribute the pressure of a bolt-liead or nut 
over timber. (Plate U., Fig. 7.) 

Web. — Tlie portion of a truss or beam between the flanges. Its offiee is. principally to 
resist shear. (Plate II., Fig. 15.) 

iVelded Heads. — Heads first woi4ced into shape, then welded on the bars. 

AVi&ipple Truss. — See Linville truss. 

IViud SJ&akes. — Cracks in timber caused by the wind while the tree was living. 

IVorking-Dra wings. — Drawing^ containing all the measurements necessary for cons- 
truction. 

iVorking-Stress. — The stress, usually the greatest stressy to which a piece of nftaterxal is of 
should be subjected. Sometimes incorrectly employed for intensity of working-stress. 

IVrencli. — A tool for screwing up nuts. (Plate XII., Fig. 15.) 

Yen. — A Japanese paper dollar of fluctuating value 



i^N^S^^^^^^^^^^^^^"^ 



Addressee of bridge builders, lo. 

Addresses of manufacturers of shape iron, 1 3, 

14, 16, 17, 18, 19, 10, 22, 2$, 19, 55, 54* 55- 
Allowance for waste, 1 76, 209. 
American bridges. 2. 
American floor system, 59. 
Analysis of stresses in trusses, 86. 
Analytical table of stresses in trusses, 87. 
Anchorage^ 54* 66. 
Anchor plates or pieces, 54, 1 75, 208. 
Angle irons, 14, 18, 19, 21, 24, 25, 51, 53, 

54. 56. 
Approximate method of designing single track 

bridges, 203. 
Area opposed to wind pressure* 64, 84. 
Arrangement of working drawings, 184. 

Bars, best proportions for, 53, 131. 

Batter braces, limiting slope for, 66. 

Batter brace plates, min. dimensions of, 71. 

Batter braces, proportioning of, 120, 159. 

Batter brace sections, 52, 69 

Beam hanger plates, 56, 73, 142, 240. 

Beam hangers, 56. 77, 208. Table VII. 

Beams, wooden, 227. 

Bearings, 54* 7'j ijo* 204. 

Bearing stress, 71, 129. 

Bed plates, 54, 73, 141, 175, 206. 

Bending effect of wind on portal and lateral 

struts, 67, 109. 
Bending effect of wind on posts and batter 

braces, 67, 107, 109. 
Bending stresses, intensities of, 71, 109. 
Best place to buy bridges, 9. 
Best proportions for bars, 53, 131. 
Berels, 190. 
Bill of bolts, 230. 
Bill of iron, 149, 177. 
Bill of lumber, 182. 



Bill of rivets, 1 76. 

Bills, erecting, 229. 

Bills, order, 209, 210, 

Bills, shipping, 215. 

Bolts, 193, 230. 

Bpttom chords, 52, 68, 69, 89, 95, 1 15, 117, 1 19, 

i^i, 157. 
Bottom chords, effect of brakes on, 236. 
Bottom chord struts, 52, 116, 158, 189. 
Braces, side, 6, 53, 66. 
Braces, batter, 52, 66, 69, 71, 120, 159. 
Brackets, 56, 77, 109, 143, 208. 
Bracing for falsework, 224, 229. 
Bracing frames for track stringers and plate 

girders, 51* 75» i^}» «o8. 
Brakes, effect of on bottom chords, 236. 
Bridge builders, addresses of,^io. 
Bridge designing a specialty, 2, 3, 7. 
Bridge inspection, 234. 
Bridges, cost of, 153. 
Bridges, stylos of, 51, 66. 
Built floor bevms, 56, 74, 124. 
Built track stringers, 57, 74, 123. 
Butterlee Co. , 14. 
Buying bridges, 9. 



Table XII. 
Table XI. 



Cambre, 67, 185. 
Cambre blocks, 228, 230. 
Carloads, 63, 81. 
Carnegie Bros, tfe Co. , 9, 35. 
Carpenter's tools, 224. 
Cast iron, 77. 

Causes of stresses in trusses, 86. 
Centrifugal force of ti'ains, 86, 89, 102. 
Channel bottom chords, 52, 1 16, 158, 189. 
Channel connecting plates, sizes of, 204. 
Channels, properties of. Table XVI. 

Channel sections and weights, 15, 16, 17, 19, 20, 
28, 30, 33, 34, 35. Table XVI. 



* No references are here made to the Glossary or List of Members* 
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Checking, uicUiods of, 151, 189, 190, 19)^, 

Check nuts, 57, 71. 

Chord bars, 52, 53, 115, 119, r 5 1. 

Chord heals, 187. 

Chord packing, 76, 119, 153, 135, 138, 159, 189. 

Chord plates, 71, 120, 158. 

Chord proportioning, 115, 1 16, 1 20, 121, 157, 158* 

Chord sections, 5a, 69. 

Clear headway, 66. 

Clear roadway, 65. 

Cockcrill, Socictc, 25. 

Columns, formuloe for, 70. 

Comparison between American and English 

bridges, 2, 4, 5, 8. 
Complete design for a bridge, 155. 
Compressive stresses, 70. Tables VIII A IX. 
Connecting plates, 54, 72, 73, 140, 168, 169, 

170, 204. 
Connecting plates for channels, sizes of, 204. 
Connection for lateral systems, 55. 
Construction of chord heads, 187. 
Continuous floor system, 52, 57. 
Continuous spans^ 67. 
Cost, estimates of, 151. 
Cost of blacksmithing, 153. 
Cost of bridges, 153. 
Cost of erection, 152. 
Cost of falsework, i 5 1 , 153. 
Cost of framing, 151. 
Cost of hauling, 151. 
Cost of iron, 9, 151. 
Cost of lumber, 1 5 2. 
Cost of painting, 1 5 2. 
Cost of pile driving, 154. 
Counters, 53, 93, 116. 
Countersunk rivets, 1 1 4, 1 90. 
Cover plates, 53, 73, 140, 172, 205. 
Criticism of present Japanese bridges, 5. 
Curvature stresses in lateral systems, 65, 105. 
Curvature stresses in portal bracing, 108. 
Curvature stresses in trusses, 86, 88, 89, t02. 
Cur^-ature stresses in vertical sway bracing, 

108. 
Cutting off flanges of channels, 53, 77, 141. 

Dapping, 60. 

Data, table or list of, 91, 153, 155. 

Day's work for men and animals, 151. 

Dea'l load, 64, 82, 83. Table I. 

Dead load stresses, 9 3 . 

Dock bridges, 8, 52, 57. 89, 94. 

Decimals of an inch for each ^^V > 9^* 



De Loeuw and Phillipsen, 29. 

Depths of beams, economic, 122, 1 24 

Depths of trusses, economic, 145. Table I. 

Derailment, 7, 60. 

Design for a bridge, 155. 

Design for a track stringer, 1 26. 

Details, proportioning of, 1 39, 167, 203. 

Diagonal bracing for plate girder spans, 51,75. 

Diagonals, lengths of, 1 86. 

Diagrams of stresses, 92, 156, 160, 16 1. Plates 

XIII — XLII. 
Diameters of rivets, 72, 74, 113. 
Different kinds of floor system, 56, 57. 
Different stylos of bridges treated, 51. 
Dimensions, marking of, 189, 197, 2CO. 
Direct wind pressure stresses, 86, 100. 
Disposition of material in flanges and chords, 

53. 
Ditching apparatus, 6r. 

Double intersection bridges, 52, 66, 91, 96, 147. 

Plate I. 

Double nut connection for lateral struts, 55. 

Double track bridges, 144, 242. 

Double track bridges, weights of, 83, 242. 

Draughtsman's equipment, 182. 

Draughtonen, bints to, 189. 

Drawings, working, 182. 

Dunkerkley k Co., 16. 

Earl of Dudley's Sound Oak Ironworks, 2 2. 

Economic depths, 122, 124, 145. Table I. 

Economy, 145. 

Economy of Pratt and MThipple trusses, Z, 

Effect of brakes on bottom chords, 436. 

Effect of wind pressure on members, 64, 67, 68. 

69, 84, 86, 88. 
Elongation of pin holes in bottom chord struts, 

116. 
End lower lateral struts, 69, 105, j6i. 
Engines, Japanese, 81. 
Engine, standard, 63.81. 
Equipment, draughtsman's, 182. 
Equipment for raising gang, 223. 
Equivalent lengths for heads, nuts &q, , 149. 
Equivalent uniformly distributed loads, 65, 82. 
Erecting bills, 229. 
Erecting bridges, method of, 221, 230. 
Erecting gang, 221. 
Erection, 221. 
Estimates of cost, 1 5 r. 
Excess, engine, 82, 86, 98. 
Expansion, 55, 66. 
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Ezpansion joint, 55. 

Expansion rollers, 55, 66, 76, 171, ao8. 

Extension plates, 54, 73, 141, 174, 205. 

Eye-bar heads, 75, 187. 

Eyes, 75. 

Falsework, 224. 

Falsework pillars, sizes of. Table XXIV. 

Field rivetting. 5, 77, 114, 147. 

Filling plates, 55, 74. 

Fillers, 76, 175. 

Final order bill, 211. 

Flanges, 57, 74, 75, 126. 

Flanges, f auction of, 74, 122. 

Flats^ sections of, 18, 1 9, 1 2, 40. 

Flats, weights of, 37. 

Floor beam connection to stringers, 57, 75, 125. 

Floor beams, 56, 74, 124, 

Floor beams in deck bridges, 5 7. 

Floor beams.in double track bridges, 1 24. 

Floor beams details for, 74. 

Floor beams limiting depths for, 75. 

Floor system, lai. 

Floor system proper, 59. 

Foot planks, 59. 

Foremen, 22^, 229. 

Formula for columns, 70. 

Formula for flanges of floor beams, 1 24. 

Formula for flanges of stringers or girders, 122. 

Framing falsework, 151, 225. 

Friction of ri vetted plates, 113. 

Functions of webs and flanges, 74, 122. 

Gauge of track, 9. 
General description, 51. 
General specifications, 63. 
Girders, limiting depUis of, 75. 
Glossary, use of, $1. 
Guard rails, 7, 59, 60, 

Ualving long diagonals, 55, 120. 
Hammers, pile driver » 224. 
Hangers, beam, 56, 77, 208. 
Heads of eye-bars, 7$, 187. 
Headway, 66. 

Hexagonal nuts, table of, 195. 
Hints to draug'atmcn, 1 89. 
Hip connection, $3, 140, 168, 204. 
Hip pin connection to lateral rod, 56. 
Hip verticals, 55, 70, 71, 82, 89, 90, 115. Table 
VII. 



I Beams, 16, 17, 19, 22, 25, 26, 29, 33, 34, 55. 
Imperfections of lattice girders, 7. 
Inclinations of lattice and lacing bars, 7 2. 
Inclined end posts for deck bridges, 5 2. 
Inclined stiffening angles for plate girders, 5 1 . 
Increment of panel length in top chords, 186. 
Indirect transference of stress by rivets, 1 14. 
Indirect wind x)ressare stresses, 86, ico, icf, 107. 
Induced stresses, 77. 

Initial tension, 68, 107, 108, in, 11$. Table VI. 
Inspection of bridges, 234. 
Inspector's dimensions, 200. 
Intensity of bearing stress, 71, 129. 
Intensity of bending stress, 71, 109. 
Intensity of compressive stress, 70. 
Intensity of tensile stress, 7c, 71. 
Intermediate strut connection, 56, 141. 172. 
Intermediate struts, 52, 107. 
Iron, bills of, 149, 177. 
Iron, cast, 77. 
Iron, cc>st of, 9f 152. 

Iron joists, 16, 17, 19, 2^, 25, 26, 29, 55, 54, 55. 
Iron weights of, 83, 241. Table I. 

Japanese bridges, criticism of present, 5. 
Japanese bridges, weights of present, 7. 
Japanese engines, 8r. 
Jaws, 55, 56, 77, 141, 17$, 174. -205, 206. 
Joints in bottom chord struts, 54, 169, ^•^4. 
Joint, sliding exx)ansion, 5$. 
Joints, top chord, 53, 140, 168, 204. 
Joists, 16, 17, 19, 22, 25, 26, 29, 33, 54, iS, ii7# 
228. 

Knees or Knee braces, 56, 77, 109, 145* ^^2» 

Labour in erecting, 221. 

Labour in framing, 151. 

liacing bars, 72, 142, 175. Table XXt. 

Lateral pins, sLces of, 206, 207. 

Lateral rod connection, 56, 141. 

Lateralrods, 53, 56, 69, 116, i6o, i6i. Table 

XIIL 
Laterjil strut connection, 55, 69, 175, ^05. 
Lateral struts, 52,69, 160, 161. Table J5CIII. 
Ijateral systems, 52, 69, 104, 116, 160, 161. 

Table XIII. 
Lattice bars, 72, 142, 175. 
Ijattice girders, imijcrfections of, 7. 
Least diameters for jmus, 76, 1 50, 206, 207. 
Lengths, limiting, 45. 65, 66. 
Lengths of diagonals, 186. 
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Lenglhs of lattice and lacing bars. Table 

XIX. 
Tjen^is of span, 65. 
Limitations, manafacturin^if, 78. 
Limiting depths of floor beams, 75. 
Limiting depths of girders, 75. 
Limiting depths of pony trasses, 66. 
Limiting lengths of iron, 45. 
Limiting lengths of span. 65, 66. 
Limiting sizes of sections, 66. 
Limiting slope of batter braces, 66. 
liimiting thickness of webs, 66. 
Limiting widths of plates, 7 1, 75. 
Limit of clear headway, 66. 
List of data, 91, 153, 155. 
Jjist of members, 46. 
Live loads, 63, 81, 82. 

Loads, dead, 64, 82, 85. Table I. 

Loads for wooden beams, 227. 
lioads, live, 63, 81, 82. 
Loads on floor beams, 64, 124, 125. 
Lock nuts, 57» /'• 
Locomotives, Japanese, 81. 
Tioopeyes, 75. 

Lower end of poet reinforcing, 54, 141, 172, 104. 
Lumber, bill of, 182. 
Lumber, list of members, 50. 

Main members, 46, 51, T 15, 155, 203. 

Maintenance of bridges, 233. 

Manufacturers of iron, addresses of, 1 3, 14* <6« 

17, 18, 19, 10, «, 25, 29, 33, 34, 35. 
Manufacturing limitations, 78. 
Marking iron, system of, 218. 
Marking of dimensions, 189, 197, 200. 
Material in struts, distribution of, 53. 
Materials, bills of, 149, 176, 177, 182. 
Materials, tests of, 79. 
Measurements, method of recording, 189, 197, 

200, 
Measures, Bros A Co. , 1 7. 
Members, list of, 46. 
Method of erecting a bridge, 22 r, 230. 
Method of finding lengths of diagonals, 186. 
Method of recording measurements, 189, 197, 

200. 
Methods of checking, 151, 189, 190, 198. 
Middle of post connection, 55, 205. 
Minimum dimensions of chord and b. br. plates, 

71. 

Name plates, 175. 



New Jersey Steel and Iron Co.> 33. 
Nomenclature for loads on trasses, 90. 
Notches in rollers, 55. 
Number of men for bridge erection, 221. 
Nuts, 55, 76, 193, 194. 195. 

Oak lumber, weight of. 64. 

Order bill, final, 211. 

Order bill, preliminary, 209. 

Ornamental work, 57, 175. 

Otteweirs notes on workshop drawings, 196. 

Outfit for draughtsman, 182. 

Outfit for erecting gang, 223. 

Overturning of cars, resistance to, 83. 

Packing, chord, 76, 119, 133, 135, 138, 159, 189. 

Painting^ 78,233, 234. 

Panel length, economic, 146. 

Panel length of top chord, exact, 1 86. 

Passaic Rolling Mill Co., 34. 

Patent Shaft and Axletree Co. , 19. 

Percentages of increase for shock, 64. 

Philip Williams ft Sons, 18. 

Pile driver, 224. 

Pilot nuts, 78. 

Pine lumber, 64. 

Pin bearing, 54, 7 L M^* ^04« 

Pin holes, 75, 78. 

Pin holes in bottom chord struts, elongation 

of, 116. 
Pin pilots, 78. 
Pins, proportioning of, 129, 164, 206. Table 

XIV. 
Pins, steel, 129, 132, 206. Table XIV. 

Pins, working bending moments Ao. for. Table 

XIV. 
Plant, 223. 

Plate girders, 5 1, 74, 75# i^^* 
Plate girders, bracing iot, 51, 75, >^5» '^^S. 
Pony trasses, 6, 51, 66. 
Portal pins, sizes of, 207. 
Portal strut connection^ 56, 142, 174, 206. 
Portal struts, 52, 69, 162. 
Posts,' 52, 67, 69, 120, 159, 164. 
Post sections, 52, 69, 120, 159. 
Practical method of pin proportioning, 1 34. 
Pratt truss, 8, 52. 
Preliminary order bill, 209. 
Proportion for bars, best, 53, 131. 
Proportioning of batter braces, 120, 158. 
Proportioning of beam hanger plates, 142, 240. 
Proportioning of beam hangers, 126. 



Proportioning of bottom cbordi, iis> iiit iS7i 

158. 
SViporUoniii'^ of bottom cbord struts, 111,153. 
Proportion [0 Jt oTTimeWets, (4;, 108, 
rroportioiiing"or chord bftw, nj, 157. 
Proportiontii^ of counters, 115,157. 
froportloni 11^ of details, i{9- 
ProportioniDt; of expansion rollers, 171. 
Fruportiuniiigof falsewOTk, 11s. 
Proportioning of floor beajn connection to 

Proportioning of floor beams, 114. 
Propurtionini! of floor Bjatem, 1^1. 
Proportioning of hip connection, 140, 168, 104, 
Proportioning of intermediate rtmt connection, 

41 7=. =05. 
l*roportioning of intermediate strnts, iii, t6j. 
Proportioning of knee braces or kneex, 14}, 

Proportioninj! of lateral rods, 1 16, i6j. 
ProportioniDR of lateral strnt connection, I4i> 

Proportioning of lateral strata, uo, i6j. 
Proportioning' of lateral Bjstems, 116,110,16s. 
Froportianini^ of lower ends of posts, 141, 1 73, 

Proportion Iq)^ of lower lateral strnts, no, 16 j. 
Proportioning of main truss members, 115,155. 
ProportioninVh of middleof post connection, 305. 
Froportionin<;of pins, 119, 164,106. 
Proportioning of plate giriiern, 1 1, 
Pieportlonin^ of portal strut connection, 141, 
74. --=6- 

Proportioning of portal slmts, no, i6j. 
Proportioning of posts, no, 159. 
ProportioniDg of rolled beams, m. 
Proporl ionic |r of rollers, 171, loj. 
Proportioning of shoes, 140, 170, 304. 
Proportioning of side bracing, lo; 
Proportioning of stringer connection to flow 

Proportioning of sway bracing, 116, 163. 

Proportioning of topchord connection, 140,168, 

1C4. 
Proporlionini; of top chords, 110, 158. 
Proportionini; of track stringers, 136. 
Proportion ioij of "pper end of poet connection, 

141. 
Proijortioning ot upper lateral atrnt connection. 

Proportioning of npper lateral atmts, no, i6j. 
Propiirtinningof Yibration rode, 116, i6j. 



Qnadmngnlar tmss, 8, 53. 
Qanlity of workmanship, 78, 

Biula, 60, S}, i8:. 

Raising gang, 311. 

Batio of width to depth of ban, 5 ;, I } 1. 

Becapitulation, loj, 'jj9. 

Becording of measnrements, 189, 197, 300. 

Seduction of ends of pins, ;6, i ;4, 

Begnlarity of riret spa<dng, 74, nS, 147, 190. 

Beinforcing plates, 54, 7;, i}9, 16S, 170, 104, 

Be-railing apparatus, 60, 77, 
liodistunco of aim to orertnming, Ej. 
Riwt liGivls, 49, 78. Table XIX. 

Rivets, bill of, 315,318. 
Rivets, ooontersunk, 114, 190. 
Rivets, diameters of, 71, 74. 11;. 
Rivets in flanges of beams, 74, 1^7. 
Kivi't,s, tiL'ii.tiD',' moments Ac, for. Table 

xvni. 

Rivet spacing, 74, 118, 147, 190. 

Bivettiug, field, 5, 77, 114, 147. 

Rivetting, rules for, 7}, itj. 

Roadway, clear, 65. 

Bods, equivalent lengths tor upset ends Ao. , 

149. 
Roller plates, 54, 7], 141, 174, 306. 
Rollers, 55, 66, 76, 171, 208- 
Roond Oak Iron Works, 33. 
Rounds, sections of, iS, 19, ti, 44. 
Rounds, weights of, 44. 
Rules for rivetting, 7], iij. 



Screw threads, 71, 19}. 

Suctions, limiting sixes of, 66. 

Sections of angle irons, 14, 18, 19, ai, 94,95, 

}i. a. li- J6. 
Sections of channels, 15, 16, 17> i9> 90,38,10, 

3J.J4.J5- Table XVI. 
Sections of flats, 18, 19, 13, 40. 
Sections ot I beams, 16, 17, 19, 31, 15, 96, 99, 

J!. J4. JS- 
Sections ot members, 51, 5;, 69. 
Sections of rounds, iB, 19, », 44. 
Sections of square bars, iS, 19133,44. 
Sections ot tees, 19, 3], 17, {3, j], !4' J^- 
Seuii-trunsjHiivDt drawing paper, 199. 
Shape iron, addresses of mauntacturers of, 1 }> 

14. 16. 17, i8, 19, 30, 33, 15,>9. JJ, J4> J5- 
Shearing stress, 74, 11;, 133, 139, 133, i}j. 
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Shelton Bar Iron Co., ao. 

Shipping bill, 215. 

Sliims, 56, 57, 59, 60, 77. 

Shoe connection, 54, 55, 140, 170, 106. 

Shoe plates, 54, 73, 141, 171, 206. 

Shock, percentages of increase for, 64. 

Side bracing, 6, 53, 66. 

Siases of connecting plates, 104. 

Sizes of floor beams. Table XII. 

Sisees of hip verticals. Table VII. 

Sizes of lacing bars. Table XXI. 

Sizes of lateral rods. Table XHI. 

Sizes of lateral stnits. Table XIII. 

Sizes of lattice bars. Table XX. 

Sizes of pillars for falsework. Table XXIV. 

Sizes of pins, 106, 207. Table XIY. 

Sizes of portal rods. Table XIII. 

Sizes of portal strats. Table XIQ. 

Sizes of rollers, Table XYII. 

Sizes of sections, limiting, 66. 

Sizes of stay plates. Tables XXII 

&xxm. 

Sizes of track stringers. Table XI. 

Sizes of vibration rods. Table XIII. 

Skew bridges, 9. 

Sleeve-nuts, 76. 

Sliding expansion joint, 55. 

Sliding of pedestal, 55. 

Snow plough, 59. 

Soci^t^ Cockerill, 25. 

Spacing, rivet, 74, 128, 147, 190. 

Spacing, stiifeners, 74. 

Specifications, 63. 

Spikes, 59, 193. 

Splices in webs and flanges, 57, 75. 

Splice plates, 54, 72, 140, 168, 169, 170, 204. 

Square bars, sections of, 18, 19, 21, 44. 

Square bars, weights of, 44. 

Square nuts, table of, 194. 

Standard engine, 63, 8f. 

Stay plates, 7a, 139, 168, 203. Tables XXII 

<ftxxni. 

steel pins, 129, 132, 206. 

Stiffened bottom chords, 52, 116, 158, 189. 

Stiffened hip verticals, 71. 

Stiffening frames, 51, 7 5« 123, 208. 

Stresses in batter braces, 89, 90, 93, 97, 108, 

109. Tables HI & IV. 
Stresses in beam hangers, 126. 
Stresses in bottom chords, 89, 90, 93, 95, 96, 

98, 100, 102, 103, 156, 157. Tables III, 

rv&v. 



stresses in brackets, 109. 

Stresses in built beams, 127. 

Stresses in chords, 88, 89, 90, 93, 95> 9^* 97« 9^* 

100, 102, 103, 156. Tables III, IV & V. 

Stresses in counters, 89, 90, 93, 95, 96, 99. 

Tables ni & IV. 
Stresses in double intersection trusses, 96. 

Table IV. 
Stresses in end lower lateral struts, 69, 105, 

161. Table V. 
Stresses in falsework, 226. 
Stresses in hip verticals, 89, 90, 94, 97. 
Stresses in intermediate struts, 107, no, 162. 
Stresses in lateral systems, 104, 160. Table V. 
Stresses in lower lateral rods, 104, 105, 160, 

161. Table V. 
Stresses in lower lateral struts, 105, 160, 161. 

Table V. 
Stresses in main diagonals, 89, 9^^, 93, 95, 96, 

97* 99» 156. Tables III A IV. 
Stresses in pins, 130. 
Stresses in portal rods, 108, 162. 
Stresses in portal struts, 108, 109, 163. 
Stresses in single intersection trusses, 93, 94, 

9S> 9^> 99' 156* Table III. 
Stresses in sway bracing, 106, no, 162. 
Stresses in top chords, 88, 90, 93, 95, 97, 98, 

100, 103, 156. Tables III, IV & V. 
Stresses in track stringers, 1 26. 
Stresses in trusses, 86. Tables III & IV. 

Stresses in upper lateral rods, 104, 160, Table 

V. 
Stresses in upper lateral struts, 105, 109, 160. 

Table V. 
Stresses in upper lateral systems, 104, 160, 

Table V. 
Stresses in vertical sway bracing, 106, 1 10, 162. 
Stresses in vibration rods, 107, no, 162. 
Stringer connection to floor beam, 57, 75, 125. 
Stringers, 56, 57, 74, 122, 126. 
Structure, test of, 80. 
Styles of bridges, s i> 66. 
Superiority of American over European bridges, 

2, I, 4» 5- 
Sway bracing, 56, 67, 106, no. 

Symbols, 200. 

System of marking iron, 218. 

Table of cost of erecting spans, 152. 

Table of cost of spans, 153. 

Table of data, 91, 153, 155. 
Table of hexagonal nuts, 195. 
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Working bending stresses, intensities of, 71, 

109. 
Working compressive stresses, intensities of, 

70. 
Working drawings, 182. 
Working kmds for wooden beams, 227. 



Working shearing stresses, intensities of, 74, 

123, 119, IJ2. 

Working tensile stresses, intensities of, 70, 7 1 . 
Workshop drawings, 181, 196. 
Wrought iron, weight of, 126. 
Wrought spikes, table of, 195. 
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2.1902 




5-^ 
40 

50 


.9537 
.9546 

.9555 


3.I716 
5.2041 
3.2371 


5.5255 

3.35^>5 
3.5881 




50 
40 
50 


.9914 
.9918 
.9922 


75958 

7.7704 
7.9530 


7.6613 

7.8544 
8.C150 


.891C 
.892? 
.8956 


1.9626 
1.9768 
1.9912 


2.2027 
2.2155 
2.2282 


73 


00 
10 
20 


.9565 
•9572 
.9580 


3.2709 
5.3052 

5-34'-'2 


3.4203 
3.4552 
5.4867 


83 


00 
10 

20 


.9925 

.9929 
.9932 


8.1443 
8.5450 

8.5555 


8.2055 
X.4047 
8.6138 


.8949 
.8962 

.S975 


2.0057 
2.0204 
2.C-353 


2.2412 
2.2545 
2.2677 




50 
40 

50 


.9588 
.9596 
.9605 


3.3759 
5.4124 

5.4495 


5.5209 

5-5539 
5.5915 




30 
40 

50 


.993^' 
.9939 
•9942 


8.7769 

9.0098 

9.2555 


8.8537 
9.C652 

9.5092 


.89^8 
.9.: : I 
.9.J13 


2... 6 5 5 
2.v;oC9 


2.2812 
2.2940 

2.5088 


74 


00 
10 
20 


.9615 
.<,62I 

.9628 


3-4«74 
3.5-261 

3.5656 


5.6280 
3.6652 
3.7052 


84 


00 
10 
20 


.9945 
.9948 

.9951 


9.514; 

9.7882 
10.0780 


9.5668 

9.8591 

10.1275 


.9026 
.9058 
.9:31 


2.C963 
2.1125 
2.1285 


2.5228 

2.3371 
2.35»5 




30 
40 

50 


.9656 

.9644 
.9652 


^605 9 
5.^'470 
5.6891 


5.7420 
5.7817 
3.8222 




30 
40 

50 


.9954 
.0957 

.9959 


10.5854 

I .;.7 1 1 9 
11.0594 


10.4334 
10.7585 

n.i<:45 


.oc'65 

•9'- 75 
.908 8 


2.1445 
2.1609 

2.1775 


2.5662 
2.5811 
2.3961 


73 


00 
10 

20 


.9659 
.9667 
.9674 


3.7321 
5.7760 
5.8208 


5.8637 
5.9.161 

3.9495 


85 


00 
10 
20 


.9962 
.9964 
.9067 


11.430 
11.826 
12.251 


11.474 

11.868 

12.291 


.911; 
.9124 


2.1945 
2.211^ 
2.2286 


2.4114 
2.4269 
2.4426 




3^" 

40 

5^ 


.q68i 
.9689 
.9696 


^866 7 
5.9156 

3.9617 


5-9959 

4.03 V4 
4.0859 




30 
40 

50 


.9969 
.9971 
•9974 


12.706 
15.197 
13.727 


12.745 
13.235 
13-765 


.9155 

.SI47 
.ojr.9 


2.2460 
2.2057 
2.2817 


2.4586 
2.4748 
2.4912 


70 


00 
10 

20 


.9705 
.9710 

.9717 


4.0108 
4.06 1 1 
4.1126 


4.1336 
4. 1 8 24 
4.2324 


86 


00 
10 
20 


.9976 
.9978 
.9980 


14.301 
14.924 
15.605 


14.356 
14.958 
15.657 


.9171 

.9182 
.9194 


2.2998 

2.5569 


2.5078 
2.5247 
2.5419 




30 

4^ 


.9724 
.9750 

•9737 


4.1655 
4.2195 
4-2747 


4.2857 
4.5562 
4.5901 




50 

40 
50 


.9981 

.99^-5 
.9985 


16.35c 
17.169 
18.075 


16.58:-' 

17.19?' 
18.J05 


.9205 
.9216 
.922;-^ 


^•3559 
2.5750 

2.5945 


2.5595 

2.577^^ 
2.5940 


77 


CO 

10 
20 


.9744 
.9750 

.9757 


4.3315 
4.3«97 
4.4494 


4.4454 
4.5022 

4.5604 


87 


00 
JO 
20 


.9986 
.998^ 
.9989 


19.081 
20.206 
21.470 


19.T07 

21.494 


1 .9259 

.U2|;c 
! .9:61 


2.4141 
2.4542 

2.454? 


2.61 51 
2.651^ 

2.6504 




30 
40 

50 


.9765 
.9769 

.9775 


4.5 io7 

4.573^ 
4.6582 


4.6:c-2 

4.6817 
4.7448 




30 
40 

50 


.9090 

•9VV- 
•9995 


22.904 
2.1.542 
26.432 


22.926 
24.562 
26.451 


•9*/ * 
.928.] 

•9^93 


:.475i 

2.4i/)0 

2.5172 


2.6695 

-.6888 

2.7085 


78 


00 
10 

20 


.9781 
.9787 
.9795 


4.7046 

4.7729 
4.8450 


4.8097 

4.«765 
4-945 2 


88 


CO 
10 

20 


.9994 
.9995 
.9996 


28.656 
51.242 
34.568 


28.654 
51.258 
54.582 


•9'/-" 4 

.95 IS 

•93^5 


2.5586 

2.5^05 
2.582^ 


2.728s 
2.7488 
2.7695 




3^ 

40 

50 


.Q799 
.9805 

.9811 


4.9152 
4.g894 
5.0658 


5.0159 
5.-,. 886 
5.1656 




50 

4"-"» 
50 


.9997 
•9997 
•999^ 


58.188 
42.964 

49.104 


58.202 

42.97'' 
49.114 


.9556 
.954h 
•933'' 


2.605 1 
2.6279 
2.6511 


2.7904 
2.8117 
2.8554 


70 


00 
ic 

20 


.9816 
.0822 
.9827 


5.1446 
5.22^2 

5-5^*^3 


5.2^08 
5-3205 
5.4026 


80 


CO 

10 
20 


.9998 
.9909 

.9999 


57.290 
68.75.. 

85.y4L 


57-29M 
6/5. 75> 

85.940 


•93^7 
.9377 
.9:87 


2.6746 
2.69i^5 
9.7228 


2.8555 
2.8779 
2.9:06 




50 
40 

5^ 


.9855 
.9858 

.9843 


5-5955 
5.4«45 
5.S704 


5-4874 

5.5749 
5.6655 




30 

40 

5-' 


I.OOCC 

I.CCCC 
1 .00<'0 


114.589 
171.^85 

345.774 


114. "^o; 
171.888 

U>.775 

1 




1 


^bHH 


^immm 


.1 


1 





I 



I 



[II. 

STBEBSECTION TEtJSSES. 
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V 


~ 
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1 


t 
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i 


-' 
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¥ 
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V 




¥ 
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USSES. 




TT 






ir 



11 

IT 
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12 Tanel. 


13 Panel. 


Multiply 
by 




IV 


W 

1 


E 


w 


1 


E 




'2 


12 


48 

1-' 


172 

la 


172 
13 


64 
13 


; Tan. «. 




"5 


15 


69 
12 


318 
13 


218 
13 


66 
13 




"7 


17 


67 
12 


260 
13 


260 
13 


76 
13 




^8 


18 


.71 
12 


270 
13 


270 
13 


82 
IS 




"8 


18 


71 
12 


276 
13 

• 


276 
13" 


84 
J3 










276 
IS 


276 
13 


84 
18 




'k 


H 


21 
12 


78 
13 


78 
13 


23 

13 




"i 


H 


21 
12 

12 


78 
13 


78 
13 


23 
13 




'i 


8 


1M 
13 


114 
T3" 


40 
18 




'2 
"5 


12 


48 
12 

66 
12 


173 
13 


172 
IS 


64 
13 




15 


318 
13 


218 
IS" 


64 
18 




'7 


17 


60 
12" 


260 
13 


860 
13 


70 
13 




« 
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264 
13 


2fi4 
13 


70 
IS 
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•J 


H 


21 
12 


78 
13 


78 
18 

86 
13 
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Sec. a. 
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n 


18 
12 


36 
13 


?0 
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9, 


16 


30 


29 


18 
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TABLE VI. 



WORKING TENSILE STRESSKS AND INITIAL TENSIONS 



&DICSTABLE RoCND A 



Dia 


^Sr- 


^Sr 


luiliiJ TunsioDs 


Dia. 

H- 
H- 


® 


@ 


® 


^ 


o-sco 


@ 


t- 


I.I68 


1-517 


1.815 


i-574 


0.655 


K- 
1- 


1.45' 


1.846 


J.i6i 


4-157 


0.6.5 


0.794 


<.65Q 


l.IM 


J -760 


4-789 


0.750 


o-95i 


i»- 


1.885 


1.40s 


4.503 


5.481 


0-875 


..lU 


1.140 


3-7 jO 


4.890 


6.1J0 


..cw 


1.170 


li' 


'■■fj 


3.087 


S-i'5 


7.0J3 


1.115 


1.419 




5.7^fi 


J-476 


6..0S 


7.904 


I..=o 


1.588 


if^' 


i.o;7 


i-894 


6.9J. 


8.8 JO 


1-375 


1.746 
1.905 


lA' 


■ 1- 


J-+08 


4-U7 


7-704 


9.814 


l.5c<i 


'*- 


■ A- 


j.ja? 


4-E:i8 


8.5 U 


.0.856 


1.61S 
1.7S0 


1.064 


'A- 

>i- 


■ 1- 
1 '*' 


4.r90 


S-i4' 


9-i87 


11.956 


"Tj87 


4.617 


5.88J 


JO.29K 


.5,1.7 


1.875 


D- 


S,c6a 


6.460 


Ii.i5( 


'4-tJS 


l.C^O 


1.S40 




lA* 


S-S47 


7.06s 


:i..56 


.5-61. 


1.1 15 


..699 


■ ."*- 


■1- 


6.046 


7.706 


ij.^04 


16.947 


1.150 


1.^58 


'i- 


■«■ 


*.s7i 


8.i76 


'4-399 


18.541 


3-S75 


5.016 


'H- 


il' 


7.110 


fl.077 


15.S40 


'9.794 


1.5 CO 


i'75 


i|' 


iti- 


7.695 


9.8.0 


16.; 16 


51.505 


1.6.5 


5-334 


iH- 


■1- 


8..94 


10.571 


17.959 


11.874 


1.750 


J.49; 


8.917 


il.jfiS 


19157 


14.503 


1.875 


3-65' 


,■ 


9.568 


11.19a 


10.561 


16..90 


5.000 


3.a,o 


1- 
=A- 


:,'r 


10.159 


i;.r.47 


>'-9H 


I7.9i5 


5.125 


J.969 


.1- 


.0.9 i8 


_M.9J^ 
.4.854 


^J-i49 


19.759 


1-550 


4.118 


.1.657 


14-8' 1 


51.605 


3-J75 




11.404 
i!.i?5 


15.80; 


i6.j3i 


33-5=4 


5.500 


4-445 


:6.78B 


,;.R7S 


i 5-504 


5-6 = 5 


4.604 


lj.9;o 


.7.80. 


.9.47ft 


J7.54" 


4763 


■A- 


'■^795 
I5.ft;'i 


18.84; 


ji.iij 


59.(140 


J.a75 


4'9i. 


... 


P-i^'S 


41.795 


4.CC. 


5.;.8o 



TABLE VII. 

Sizes of Hip Verticals and Beam Hangers 



Single Track Bridges. 



Piinel I«nstli. 


Hij) Vcrtieala. 


licHiu Hunger. 


S. E. 


Si7J!. 


sizu. 


jo' 


i..96n- 


1-.4-D 


. 'O np. 


„' 


J.iRD" 


^-■A-n 


lA'D up. 


la' 


J.JKO" 


^-iA"a 


■ A'D «P- 


m' 


i^S^O" 


a-iJ"D 


li'p Tip. 


■+' 


3.74D-' 


i-.i-a 


tf'D up. 


■5' 


j.86a" 


^-iA"d 


llV"P up. 


,0' 


4.O0D- 


»-'*■'□ 


i-A"n up. 


.7' 


4-MD" 


^~iA"n 


i-A 'd Tip. 


[8' 


+i6tl" 


a—ra 


i4"n up. 


ifl' 


4.40O- 


h-jT'O 


if'D np. 


.^ 


4.s>ia*' 


,-.i',.r 


ira Tip. 


..' 


4.74a'' 


^-il-xi- 


lA'n up. 


71' 


4.9CD" 


t-li"X2- 


■A-o Tip. 


n' 


i.o+d" 


,-ii"x.r 


iA"n op- 


34' 


J. ion" 


.-.I'x.C 


iii"d up. 



TABLE VIII. 



JNTENSITZES OF "WOEKENG COMPEESSIVB STRESS 

FOE 

Channel Struts in Trasses. 





a D 


no 


■ 


lUti. 
LoD 

28 

2'- 4 

29 


D D 


D 


00 


Kfttiii 
LtuD 

46 
464 

47 
474 

48 

484 

49 
494 

50 

5'-4 

51 

514 

52 

524 

55 
554 

54 

544 

55 

554 

56 


D D 


a 


00 


Ratio 
LtoD 

64 
64! 


D D 


DO 


GO[ 


[•' ,o 


4.2C-5 


4.140 


?.9<)'-- i 


5.142 


2.826 


2.477 


2.241 


1.792 


1-419 


1.569 


I.I 50 


0.852 1 


i '^* 


4.175 


4.105 


5-947 1 

1 


5. 114 


2.792 


2.441 


2.219 


1.769 


1.598 


1-555 


1.1 16 


0.82.. 


1 I 


4.145 


4,066 


5.9OJ 


5.C86 


2.759 


2.404 


2.198 


1.746 


1.577 


65 


1*558 


1.1 0; 


o.8c9 


« 14 


4.1 14 


4.029 


5.862 


294 

50 


5.059 


2.725 


2.568 


2.176 


1.725 


1.556 


654 
66 


1.525 


i.o88 


0.797 


r -2. 


4.085 


5.995 


5.819 


5.051 


2.692 


2.552 


2.155 


1. 701 


1-555 


1.508 


1.075 


0.786 ! 


K ^i 


4.''-^ 5 J 


5.956 


5.775 


5c4 
51 

514 
52 
524 

55 


5.C05 


2.659 


2.297 


2.154 


1.679 


1. 515 


664 

67 

674 
68 

684 

69 
694 

70 
7c4 

71 
714 

72 


1.495 


1.062 


t 
0.775 : 

1 


1 '^ 


4.025 


5.9»9 


5.752 


2.976 


2.627 


2.262 


2.1 15 


1.658 


J.296 


1-479 


1.049 


0.765 


*5i 


5-995 


5.R82 


5.^88 


2.9;o 


2.595 


2.227 


2.C92 


1.656 


1.276 


1.464 


f.056 


0.754 


5.96: 


5.845 


^64 5 


2.925 


2.565 


2.T95 


2.072 


1.6 15 


1.256 


1.450 


1.024 


0744 


-lil 


3-95'i 


5.807 


5.6'.-. 1 


•2.897 


2.551 


2.160 


2.C5 1 


1.594 


1.258 


1.455 


1.- 1 1 


0.754 


|__*5 


5.901 


^77-■ 


5-557 


2.870 


2.5 c-:- 


2.127 


2.051 


1.574 


1.21Q 




1.421 


0.999 


0.724 


i *5i 

i 


5.872 


5.752 


5-514 


551 
34 


2.844 


2.469 


2.C94 


2.0 II 


1.554 


1.200 


i.4<7 


f.987 


0.714 


J6 


5.841 


5.695 


5-47C' 


2.R18 


2.458 


2.061 


1.991 


1.554 


1.182 


1.595 


0.975 


0.704 


18 
7^ 


5.811 


5.657 


5.424 


544 


2.791 


2.408 


2.05c 


1.971 


1.514 


1.165 


1.579 


0.965 


0.694 


5.781 


5.620 


5.582 


55 

5^4 

56 


2.766 


2.578 


1.999 


1.952 


1-495 


1. 148 


1.566 


0.951 


0.685 


5.751 


5-5«5 


5.541 


2.740 


2.548 


1.968 


1.955 


1.476 


i.i 50 


1.55=? 


0.959 


0.676 


5.721 


5-546 


5.'95 


2.715 


2.518 


1-957 


1.914 


1.457 


1. 115 


1.540 


C.928 


C.667 


5.692 


5.508 


5.252 


I 57 
574 

1 58 


2.689 


2.280 


1 .908 I 

1 


1.895 


1.458 


1.097 


724 


1.527 


0.917 


C.638 


1 *^ 


5.662 


5.471 


5.209 


2.664 2.260 


1.878 


1.876 


1.420 


1.081 ; 


75 


1.514 


0.9c 6 0.649 1 


1 *94 


5.652 


5.454 


5.166 


2.659 


2.251 


1.849 


1.857 


1 .4i>2 


1.064 i 


754 

74 


1.501 


0.895 


0.64c 


^1 1 ^^^^^^^^^^^^ 


5.602 


5.597 


5.12? 


2.614 2.2:;5 1.820 


1.859 


1.584 


1.048 1 


1.288 


0.885 0.652 




5-575 


5.?6o 


5.c8^. 


5^'4 


1 
2.589; 2.175 


1-705; 


5^4 
57 
574 


1.821 


1.566 


1.055' 


744 


1.275 


0.X74 0.624 


5.54? 


5-525 


5.0.^8 


1 
1 59 

1 40 


2.565 


2.147 


1.765 


1.805 


1.549 


1.018 


75 


1.265 


0.8^.4 i 0.616 j 


5.5U 


5.2^:6 


2.996 


2.540 


2.119 


i.7'.8i 

1 


1.785 


1.552 


1.005: 


754 


1. 251 


C.854 '-.60X 


1 ^'^ 


5.485 


5.250 


•>.95 5 


2.516 


2.09: 


1.710 


58 

5^4 

59 


1.768 


1.515 


0.988 


76 

764 

77 

774 

78 

784 


1.258 


0.^44 0.6c'' ; 

1 


1-^^ 


5.456 


5.214 


2.91 : 


;4^i 


?.492 


2.'.'6s 1.6." 4 


1.751 


J.298 


0.974 


1.226 


0.854 


0.592 1 


1 ^* 


5.426 


5.178 


2.871 


41 

1414 


2.469 


2.059 1.658 


1.754 


1.282 


0.960 


1.214 


0.824 0.584 


1,1$*^ 


5.597 


5.142 


2.H5':' 


2.445 


2.015 


1.655 


594 
60 


1.717 


1.266 


0.946 


1.202 


0.814: 0.576 j 


1 *^ 


5.569 


5.i'^6 


2.79-' 


42 


2.422 


1.987 


r6o7 


1.700 


1.25c 
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Intensities of "Working Compressive Stress 

for Channel Struts in 
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TABLE XI. 

DIMENSIONS AND WEIGHTS 



OF 



Track Stringers. 
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'•' TJie uppor line to be used when wooden sliinis are employed, aud 
the under line when not. 
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Dimensions and "Weights of Floor Beams 

for 

Single Track Bridges. 
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N. B. These weights do not include those of the portions of pony truss floor beams 
projecting ontside of the trasses. Where two floor beams are given, the light one is for 
spans below two hundred feet in length and the heavy one for spans above the same ; 
and where two weights are given for the same beam the soialler is for the case of 
abutting stringers and the larger for stringers resting on floor beams. 
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TABLE XVII. 

Formula |> = 0.25 VT, where p is the pressure in tons pet' lineal 
>ller in inches. The first and last vertical lines give the diameters, 
ingths of rollers. The intermediate spaces contain the permissible 
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TABLE XXI. 

Sizes of Siugle Bivetted Lacing Bars for channelfl of Tarions depths and spaced at 
various distances. 

D = deptii of channel and d = distance between inner faces of channels. If the value 
of d lie between the values given, the size of la<:ing bars is to be taken from the column 
containing the next largest value of d. 
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TABLE XXII. 



Sizes of Stay Plates to be used in connection with latticing or double rivetted lacing. 

P SB depth of channel, <£ = distance between inner faces of channels, ^== thickness of stay 
plate, I = length of same and n = number of rivets on each side of stay plate. If the value of d 
fie between the values given, the size of stay plates is to be taken from the column containing 
the next largest value of d. 
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TABLE XXIII. 



Sizes of Stay Plates to be used in connection with single rivette*! lacing. 

I) =1 depth of channel, d == distance between inner faces of channels, t = thickness of stay 
plate, I = length of same and n = number of rivets on each side of stay plate. If the value of d 
lie between the values given, the size of stay plates is to be taken from the column containing 
the next largest value of d. 
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